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CIRCULAR NO. 43, SECOND EDITION.! Issued February 25, 1909. 


United States Department of Agriculture, “ © 
BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE PEA APHIS.? 
(Macrosiphum pisi Kalt.) 
By F. H. CHITTENDEN, 
In Charge of Truck Crop and Special Insect Investigations. 


One of the most destructive and troublesome insects of recent years 
is a green plant-louse which, from its injury to peas, is known as the 


"Fe y 
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Fig. 1.—Pea aphis (Macrosiphum pisi): a, Winged female; b, same from side, with wings folded in 
natural position, as when feeding; c, apterous female; d, nymph in last stage; e, third joint of 
antenna of winged form. a-d, Muchenlarged; e, more highly magnified. (Author’s illustration.) 


pea aphis. Since it first attracted attention by its ravages in May of 
1899 it has steadily increased in injuriousness, and has been the cause 


1 Reprint, with slight revision, of Circular No. 43, Second Series, entitled ‘‘ The 
Destructive Green Pea Louse (Nectarophora destructor Johns).’’ 

2 Several articles have been published on this insect, notably by Messrs. John- 
son and Sanderson, as well as by the writer. The former gave it the scientific 
name Nectarophora destructor, but the latter gives reasons to show that this 
insect is in reality the European pisi Kalt.; hence the present change of title. 
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of great loss in the principal pea-growing regions of this country, espec- 
lally where peas are grown for canning. It was, in fact, one of the 
most important of all insects that ravaged crops in the United States 
during the seasons of 1899 and 1900, and there appears to be little 
prospect, unless the unforeseen happens, of any decrease in its devasta- 
tions. On the contrary, it is to be expected that it will widen its range, 
as it has apparently already done to some extent. 


DESCRIPTIVE. 


The pea aphis is one of unusual size among those found infesting 
gardens, and the largest of the green species which attack the pea and 
related plants. The length of the body of winged, viviparous females 
is about is inch (4.5 ™™.), and the total wing expanse about 7‘ inch 
(9 to 11 ™™.). The general color of both the winged and apterous or 
wingless forms is uniform pea-green, the same color as the insect’s 
favorite food plant. The eyes are prominent and reddish brown in 
color. The antenne are lighter than the body and the tubercles promi- 
nent; the joints are darker than the rest of the segments, the seventh 
joint filiform and fuscous. The legs are long and conspicuous; tarsi, 
distal ends of tibize, and femora fuscous. The nectaries are fuscous at 
the tips, otherwise of the same color as the body. 

A typical female of this insect is shown in figure 1 with wings 
expanded, showing venation at a, and a lateral view of the same with 
wings folded in their natural position when the insect is at rest or feed- 
ing is presented at b. Ate an apterous or wingless form of the insect 
is shown, and d illustrates the nymph in its last stage. The structure 
of the third antennal joint of the winged form may be seen at e, highly 
magnified. 


DISTRIBUTION. 


There are good reasons for believing that this aphis was introduced 
from abroad, probably from Europe, one being that injury of the 
severity noted by a species of insect hitherto unrecognized as distinct 
from others of its kind is almost without a parallel in the history of 
economic entomology. It seems probable, therefore, that we have in 
the pea aphis a case analogous to that of the European gipsy moth, 
which was present in this country for about twenty-five years before it 
became a pest. 

The first notice of severe attack to pea that can with positiveness be 
attributed to the pea aphis was reported to this office, in a letter dated 
May 16, 1899, by Mr. Thomas Bridges, Bridges, Va. This was followed 
within the next few days by reports from Virginia and Maryland, and 
soon afterward injury was recognized in other States and in Canada. 


During the previous season (1898), however, this pest was present in 
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some numbers in certain fields in Maryland and was noticed on late 
peas in New Jersey. 

This insect, as has been stated, was generally injurious during the 
years 1899 and 1900, although somewhat locally in some States, from 
Nova Scotia south to North Carolina and westward to Wisconsin. The 
insect’s occurrence in destructive abundance was noted by 1900 in 
Nova Scotia, New Brunswick, and Ontario, Canada; Maine, Vermont, 
Massachusetts, Connecticut, New York, New Jersey, Pennsylvania, Del- 
aware, Maryland, District of Columbia, Virginia, North Carolina, Mich- 


igan, Ohio, [llinois, and Wisconsin.! Sanderson has recorded the 


species as occurring also in Minnesota and Nebraska. Injury in Wis- 
consin was not noticed prior to 1900. 

At intervals since 1901 this species has been injurious locally but 
there have been no widespread outbreaks. During the past three years 
the species has been rather unusually troublesome, judging by com- 
plaints. In 1906 injuries were reported in localities in New York, Vir- 
ginia, Illinois, and Texas. In 1907 the range of destructiveness em- 
braced portions of eastern, central, and western New York and parts of 
Maryland, Virginia, and the District of Columbia. The insect also 
made its initial appearance as a pest in Louisiana. In 1908 complaints 
were made of ravages on Long Island and in Maryland, Virginia, Penn- 
sylvania, New Jersey, and California. In New Hampshire early peas 
were destroyed and in tidewater Virginia late peas were injured. It is 
evident from recent reports, e. g., those of injuries in Texas, Louisiana, 
and California, that the species is likely to be a pest any year practically 
throughout the United States and Canada where peas are grown. . 


EXTENT OF INJURY AND METHOD OF WORK. 


This pea aphis during the first season of its abundance overran and 
laid waste fields of peas from Nova Scotia and Maine to Virginia and 
Maryland, in the last and in some neighboring States destroying about 
50 per cent of the annual output and doing similar injury the following 
year, in spite of vigorous efforts that were made to control it. 

An estimate of the total loss for the year 1899 in the Atlantic Coast 
States reached the sum of $3,000,000. During 1900 the loss over 
the same area was placed, as early as June 15, at $4,000,000. Several 
cases of severe damage were reported in Maryland, in which 80 per cent 
or more of the peas on farms of 500 or 600 acres were completely 
destroyed. In short, the pea growers of the Atlantic region and west- 
ward as far as Wisconsin suffered very severe losses, which gave rise to 
the expression that this country had been visited by a veritable scourge. 


1There is evidence that this species was observed on crimson clover in Dela- 

ware as early as 1890, and has perhaps been present along the Potomac River 

since, or prior to, 1886 (Bul. No. 26,n.s., Div. Ent., U. S. Dept. Agric., pp. 58, 72). 
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The reasons why the species has become so conspicuous a pest are 
threefold: First, because of its ravages to a crop hitherto little troubled 
by insect attack, if we except the pea weevil, which has always been 
present in gardens and fields for upwards of a century and has come to 
be looked upon as anecessary evil; second, because it is a species never 
before noticed, so far as records go, as having been destructive to peas 
in this country; third, because of the great difficulty that has been 
experienced in its treatment, pea growers during the first year of its 
ravages having met with almost complete failure in the remedial meas- 
ures applied. 

Although garden and field peas are the crops most injured by this 
aphis, sweet peas, red and crimson clover, as well as vetches and tares! 
are affected, and in some cases have been damaged. Attack begins on 
the young pea vines; the “‘lice’”’ gather in clusters at first under and 
within the terminals, and as the leaves become covered they attack also 
the stems, and by their numbers and voracity sap the life of the plant. 
Whole areas of vines are frequently seen covered with the aphides, 
which in a very few weeks are able to destroy acrop. Attack is seldom 
noticed until May? in the more southern States in which the insect is. 
found, and a little later in its more northern range. 

The complete life history of this species is not known, but like other . 
aphides it produces many generations each year. 

According to present knowledge, the pea aphis hibernates chiefly on 
clover, particularly crimson clover, from Delaware southward. In the 
District of Columbia it winters also on vetch. From these plants the 
‘lice’? spread by flight in April and May to peas, which they attack 
while the vines are young. 

As with other aphides, the females at certain periods produce living 
young. They attain maturity in from ten to fifteen days, and possibly 
in less time in the hottest weather. Young that were born March 4 
reached maturity (winged form) March 16, or twelve days from the 
time of birth, and reproduced young three days later. 

As an instance of the rapid reproductive powers of this insect, 
Professor Johnson’s estimate is interesting. He found that females 
produce from 110 to 120 young and that in one case where aphides 
were observed on the first of May the fields were abandoned on account 
of ravages three weeks later. Calculating from the average number of 


1A considerable number of alternate food plants has been observed for 


Macrosiphum pist in Europe. 
2In 1901 Mr. Samuel R. Haynes, Portsmouth, Va., reported the presence of 


this species in that locality about April 7. During the second week of May the 
writer found it numerous on crimson clover and yetches at Washington, D. C., 
and May 14 it was reported at work upon peas in the District of Columbia, near 
the Maryland State line. 
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insects produced each day, which is six, one individual would become 
the progenitor of 423,912 of these aphides in one season. 


NATURAL ENEMIES. 


The efficiency of natural agents in the destruction of aphides is so 
well known that it has been hoped that some one or more of the many 
species observed to attack the pea aphis would increase in such num- 
bers as to have the effect 
of limiting its multipli- 
cation. In spite, however, 
of the closest observation 
by a number of persons, 
the natural enemies have 
been found to produce 
only transient relief, and 
this only in limited areas, 
as a rule late in the season 
after damage has been ac- 


complished. : Fie. 2.—Spotted ladybird (Megilla maculata): a, Larva; 


The present list of in- 2%, empty pupal skin; c, beetle, with enlarged antenna 


3 above. Allenlarged. (Author’s illustration.) 
sects known to attack this 


aphis includes seven species of ladybirds, or “‘ladybugs”’ as they are 
familiarly termed,! three species of syrphus flies,? a lace-wing fly,® a 
soldier beetle,* and a few minute four-winged hymenopterous parasites.° 

The ladybirds are destructive both as beetles and larve ; the syrphus 
flies only in the larval condition, which is true also of the lace-wing fly. 
The efficiency of the syrphus flies is greatly impaired by the presence 
of a braconid parasite,® which is sometimes very prevalent, almost com- 
pletely exterminating its hosts in many fields. Nearly all the species 
observed are well-known enemies of other aphides, and in fact greatly 
prefer as hosts the cabbage aphis and species found on weeds to the 
pea aphis. The spotted ladybird (Megilla maculata DeG.) and a lace- 
wing fly (Chrysopa oculata Say) are shown in their different stages 
in figures 2 and 3 respectively. 

In addition to the natural enemies that have already been enumer- 
ated, several other insects attack the pea aphis, among them a small 
red mite, Rhyncholophus parvus Banks. 


1Coccinella novemnotata Hbst., Hippodamia convergens Guér., Megilla 
maculata DeG., Hippodamiaglacialis Fab., Adalia bipunctata L., Hippoda- 
mia 13-punctata L., and Coccinella sanguinea L. ?Allograptaobliqua Say, 
Syrphus americanus Wied., and Spherophoria cylindrica Say. *Chrysopa ocu- 
lata Say. 4 Podabrus rugosulus Lec. ® Aphidius washingtonensis (Ashm. 
MS.?), A. fletcheri (Ashm. MS.?), Praon cerasaphis Fitch, Isocratus vul- 
garis Walk. ® Bassus letatorius Fab. 

In the above list the species of each class are named in approximate order of 
abundancein Maryland, Virginia, and the District of Columbia, and consequent 
efficiency as destroyers of the aphis in that region. 
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Considering the inefficiency of natural agencies, if we except atmos- 
pheric conditions, in the control of this pest, it is hoped that a com- 
mon fungous disease of aphides, known as Hmpusa aphidis, may become 
an important factor. As the development of this fungus is dependent 
upon rather warm, humid weather and is retarded by drought, it is 
fairly certain that atmospheric conditions, after all, are most important 
in the limitation of this insect. It is within the bounds of possibility 
that the fungus might be cultivated artificially and be used during 
weather conditions favorable in the control of this pest. 


~ Sg vehi We 
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Fig. 3.—A lace-wing fly (Chrysopa oculata): a, Eggs; b, full-grown larva; ¢c, foot of same; d, same 
devouring pear-tree psylla; ce, cocoon; f, adult insect; g, head of same; h, adult. All enlarged 
except h, which is natural size. (From Marlatt.) 


METHODS OF CONTROL. 


In some instances natural enemies of the pea aphis have rendered effi- 
cient service. Seldom, however, do they destroy the insects early enough 
in the season to save a crop. In the course of time—many years in all 
likelihood—these enemies may become more effective; hence, in view 
of the fact that the extermination of the species even in a limited area 
is a practical impossibility, anything that can be done to destroy the 
aphis without harming its insect enemies is advisable. If this can be 
accomplished it will afford in itself a reason for the rejection of insecti- 
cides, none of which is in all respects satisfactory. 


——- 


1For the benefit of some persons who are not wholly familiar with the feeding 
habits of this species it should be stated that it obtains nourishment by suction, 
and can not therefore be reached by means of internal or stomach poisons such 


as Paris green and other arsenicals. 
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Kerosene emulsion.—Kerosene-soap emulsion, a standard remedy for 
aphides, carefully prepared and diluted with about twelve parts of water, 
sprayed upon the infested plants upon the first appearance of the 
aphides, and so applied that the leaves are wet on both the under and 
upper suriaces, has thus far been found to be the most effective of the 
insecticides tried. <A stronger solution than that specified is apt to burn 
or scald the plant, particularly while the vines are young and tender. 
Sprays of whale-oil and other soaps have been found less useful. The 
cost of the kerosene emulsion remedy, however, and the difficulty of 
underspraying, its rapid evaporation, and the necessity for frequent 
applications, are such as hardly to warrant its use on a large scale. 


Fic. 4.—Spraying peas with tobacco-whale-oil soap, showing method of preparation and 
application. 


The method of preparing tobacco-whale-oil soap, a special preparation 
of soap of particular value for aphides, and the implements used in its 
application are illustrated by figure 4. 

The brush-and-cultivator method.—The best remedial measure that 
has yet been devised is the growing of peas in rows with sufficient dis- 
tance between them to admit.a one-horse cultivator. The “‘lice’’ are 
brushed from the plants with boughs of pine with their leaves on, and a 
cultivator then follows down the rows as soon afterward as possible. For 
the perfect success of this method it should be practiced in the heat of 
the day, when the ground is dry and hot, and the repetition of the 
brushing is necessary every three to seven days until the crop is ready 
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for picking. Such lice as are not buried in the ground by the cultivator 
will be killed by the dust which closes their breathing pores, while a 
considerable proportion is destroyed also by the force of the brushing. 
This method has the advantage of not being so destructive to the natural 
enemies as other means that might be employed, the aphis being more 
fragile and delicate than any of its insect enemies. Moreover, peas 
planted in rows to permit of frequent cultivation suffer much less injury 
than when sown broadcast. As soon as the last picking has been made 
infested plants should be promptly destroyed by plowing under.} 


Fiqa. 5.—Field of peas saved by brush-and-cultivator method, showing implements used. 


The brush-and-pan method.—A method which consists in jarring the 
aphides from the vines into specially prepared, long, shallow pans in 
which a little kerosene is floating, dragged between the rows, has given 
good results, the insects as they come into contact with the kerosene 
being all killed. A bushel of “‘lice’’ was caught to each row, 125 rods 
long, in one instance where this remedy was used. It is practicable 
only for small areas. 


1 We have abundant testimony to the value of this method, but perhaps none 
more striking than that on the farm of Mr. C. H. Pearson, a Maryland pea- 
grower. During the season of 1900, a 600-acre pea plantation was practically 
saved by this method. After other means had failed, the fields were brushed 
and cultivated every third day for a period of two weeks. The previous season 
peas over the same area were sown broadcast; so thatit was impossible to combat 
the pest in this manner, and as a consequence 480 acres were entirely ruined. 
(Bul. 20, n. s., p. 94; Bul. 26, p. 57, Div. Ent., U. 8S. Dept. Agr.) 
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A field of peas saved by the use of the brush-and-cultivator method 
is illustrated in figure 5. 

In figure 6 the manner of applying the brush-and-pan method is 
shown. Figures 4-7, illustrating the practical methods of combating 
the pea aphis, were first used by the late W. G. Johnson in an article 
published in Bulletin No. 26 of this Bureau. 

Cultural methods.—Of cultural methods, there is testimony to the 
value of early planting, the earliest peas seldom being infested, or at 
least only slightly injured. Very large plantings of peas to be used 
for canning have also escaped ravages in some instances, but it may be 


Fig. 6.—Field of peas saved by the brush-and-pan method, showing the apparatus used. 


that atmospheric conditions have had something to do with exemption 
in the cases which have come under notice. 

Rotation of crops is advisable, and it ig unwise to plant peas on the 
same portion of afarm or garden, in successive years, or in the vicinity 
of fields of red or crimson clover, or other leguminous plants, such as 
vetch, which are likely to harbor this species. 

As has been said, this insect passes the winter on the plants men- 
tioned, because peas are not available, and it might be possible to 
use small plants of some one of them as trap crops. Crimson clover 
would probably be best because of its conspicuousness and the early 
start that it gets in the spring. On the trap plants the aphides could 


be killed by hand methods, such as brushing from the plants into pans, 
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and thus large numbers of the insects could be killed early in the sea- 
son before they had opportunity to spread to peas. 

In Delaware it has been shown that the practice of keeping the land 
well fertilized and frequently cultivated enables the peas, in spite of 
aphis attack, to produce better crops than would otherwise be made. 

Alternate host plants.—The subject of alternate host plants is an 
important one, since the pea, being an annual, is not available as food 
for this aphis during winter. It is desirable to ascertain all of the host 
plants of the pea aphis, and more especially the weeds, as some one or 


Fie. 7.—Section of a 600-acre pea field, rows one mile long, showing spraying outfit ready for 
work. Peas finally saved by brush-and-cultivator method. 


more of these may be factors of importance in the life economy of the 
species. It might be necessary in the future, should the depredations 
of this insect increase, to limit the growing of clover and other legumes, 
as well as other alternate host plants, if such be found, in the vicinity 
of pea fields. If all of the principal alternate plants could be discoy- 
ered this might furnish a solution of the problem of how to deal with 


the insect. 


Approved : | 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., January 21, 1909. A6-—49 
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THE PERIODICAL CICADA IN 1902. 


The present season will witness the occurrence of one of the 
largest known broods of the periodical cicada (Cicada septende- 
cim Linn., fig. 1). Aside from its extended range, this brood, 
designated as Number X (Marlatt’s notation), attracts especial atten- 
tion by reason of the fact that it has been observed and recorded at 
regular intervals of sev- 
enteen years since 1715. 
In all seventeen States, 
~ many of which are im- ‘ 
portant fruit-producing 
ones, will be concerned. 
It is well known that 
the adults of this insect 
deposit their eggs in in- 
cisions they make in the 
tender twigs of trees and 
shrubs. The damage, 
sometimes amounting 
to the actual destruct*on 
of newly transplanted 


young trees, that is thus Fig. 1.—a, Cicada septendecim, adult; b, same, side view; 


caused. makes this oc- & shed pupal skin; d, twig showing egg punctures—natural 
; size (original). 


- currence one of consid- 
erable economic importance. In fact, though the degree of danger 
depends somewhat upon the location of the orchard as regards the 
proximity of woods, any young trees transplanted this spring in 
the region where the cicada will appear are likely to be somewhat 
seriously affected. These regions are marked upon the accompany- 
ing map (fig. 2), and are indicated accurately, as far as known, by 
counties in the following list. It should be understood that in these 
localities the settlement of the country has had a strong effect toward 
breaking up the swarms into isolated portions. Consequently, in 
many places where cicadas emerged thirty-four years ago none may 
be seen this year. Persons contemplating the setting out of orchards 
should therefore ascertain from old residents whether the insects 
appeared in the immediate vicinity seventeen years ago. If this is 
the case, it is by all means advisable to defer the transplanting of | 
trees till fall, or, if the climate does not permit fall-planting, until 
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the spring of 1903. In orchards the less pruning done this spring the 
less will be the damage the trees are likely to suffer, as this opera- 
tion tends to concentrate the punctures by leaving little new growth. 
Likewise, wherever convenient, budding and grafting, which cause 
favorable places for the deposition of eggs, should be avoided. 


AN EXCEPTION. 


In the Connecticut valley there is a limited region where Brood XI 
(Marlatt’s notation) will appear during the spring of 1903. This 
locality, which is the only one in the United States where swarms 
of cicadas will appear that year, includes only Hartford County in 
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Fig.2.—Distribution of Brood X, 1902 (from Marlatt). 


Connecticut and Bristol, Franklin, and Hampshire counties in 
Massachusetts. This brood has become scattered and is rapic'y 
dying out. In 1886 it attracted but little attention and in 1903 w | 
be still less in evidence. However, in places where the insects «re 
known to have appeared in numbers in 1886 in the counties mention«! 
above it will be unwise to transplant trees extensively in the sp 

of 1903. In all other portions of the United States the year | 
will be, as far as the periodical cicada is concerned, very favors) 
for tree planting, because it will be followed by a year in which, ®= 
far as is definitely known, there will be a total absence of swam 
of this insect. 


STATES AND COUNTIES WHERE SWARMS OF CICADAS WILL 
APPEAR IN MAY, 1902. 


Alabama.—St. Clair (?). 

Delaware.—Kent, Newcastle, Sussex. 

District of Columbia.—Throughout. 

Georgia.—Banks, Dawson, Fannin, Forsyth, Franklin, Gilmer, Habersham, 
Hall, Lumpkin, Pickens, Rabun, Union, White. 

Tllinois.—Clark, Crawford, Dewitt, Edgar, Edwards (7), Gallatin, Iroquois 
(1868), Kane (?), Lawrence, Pope, Vermillion, Wabash, White, Wil- 
liamson (perhaps Brood XXIII, Marlatt’s notation). 

Indiana.—Entire State except Howard, Marshall, Ohio, Porter, Pulaski, and 
Starke counties. 
Kentucky.—Barren, Breckinridge, Carroll, Casey, Daviess, Fayette (?), Frank- 
lin, Hart (?), Henderson (?), Jefferson, Kenton, Lawrence (?), McLean, 

Meade, Mercer (1868), Ohio, Oldham, Trimble. 

Maryland.—Alleghany, Anne Arundel, Baltimore, Caroline, Carroll, Cecil, 
Frederick, Garrett, Harford, Howard, Kent, Montgomery, Prince 
George, Queen Anne, Talbot, Washington. 

Massachusetts.—Bristol (?). 

Michigan.—Barry, Branch, Calhoun, Eaton, Genesee, Gratiot, Jackson, Kala- 
mazoo, Lenawee, Livingston, Monroe, St. Clair, St. Joseph, Washte- 
naw, Wayne. 

New Jersey.—Burlington, Camden, Hunterdon, Mercer, Middlesex, Monmouth, 
Morris, Passaic (?), Somerset. 

New York.—Kings, Monroe, Niagara, Richmond. 

North Carolina.—Caldwell (?), Cherokee (?), Davie, Lincoln (1834), Surrey, 
Wake (?), Wilkes, Yadkin. 

Ohio.—Adams, Butler, Champaign, Clark, Clermont (?), Columbiana, Dela- 
ware, Fairfield, Franklin, Greene, Hamilton, Lucas, Miami, Mont- 
gomery, Pickaway, Pike, Preble, Sandusky, Seneca, Warren, Wyandot. 

Pennsylvania.—Adams, Bedford, Berks, Blair, Bucks, Carbon, Chester, Cum- 
berland, Dauphin, Delaware, Franklin, Fulton, Huntington, Juniata, 
Lancaster, Lebanon, Lehigh, Mifflin, Monroe, Montgomery, North- 
ampton, Perry, Philadelphia, Schuylkill, Snyder, Somerset, Union, 
Work: 

Tennessee.—Blount, Carter, Hamblen, Hamilton, James (?), Johnson (?), Knox, 
Loudon, McMinn (?), Polk, Scott, Sevier, Sullivan, Washington. 

Vermont.—Rutland. 

Virginia.—Alexandria, Augusta, Carroll, Clarke and adjoining counties, Fair- 

fax, Frederick, Loudoun, Spottsylvania (?), Warren, Wythe. 

West Virginia.—Berkeley, Grant, Hardy, Hampshire and adjoining counties, 
Jefferson and adjoining counties, Mineral, Morgan, Putnam (7). 

Wisconsin.—Sauk. 


TIME OF APPEARANCE. 


Though there is a little variation with the seasons, the experience 
of many years indicates that over the major portion of its range the 
bulk of the individuals of this brood will emerge from the ground 
during the last week in May. In Georgia and the other more 
southern States concerned, the time will be a trifle earlier, perhaps 
from the fifteenth to the twentieth of May. Naturally, however, in 
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any locality, a few individuals are apt to emerge some days ahead 
of the main swarm, and likewise some few may be retarded until 
early in June. 


A REQUEST. 


It has been the policy of this Division for many years to collect 
data concerning each of the several broods of this insect, with 
the object of eventually obtaining a basis for an accurate statement 
from time to time, for the benefit of fruit growers, of exactly what 
localities in the country will be visited by its swarms. An excep- 
tional opportunity to more accurately determine the limits of Brood 
X (Marlatt) occurs this year by reason of the fact that no other 
broods will make their appearance in conjunction with it. At its 
last appearance, in 1885, this brood was associated with the thirteen- — 
year brood, known as XXIII (Marlatt). In many districts where 
the territories occupied by the two were adjacent or overlapped, it 
was naturally impossible to assign individuals to one or the other. 
Likewise in 1868, the simultaneous emergence of the thirteen-year 
brood known as XIX (Marlatt), which will not happen again until 
the year 2089, caused some confusion along the Southern and West- 
ern borders. The present season, however, no such complications 
exist. 

Persons who receive this circular will, therefore, be able to mate- 
rially assist the Division by sending information as to whether 
swarms do or do not appear in their locality. Such information 
from the outlying portions of the known range and from the coun- 
ties followed by interrogation marks in the preceding list is especially 
desired. A large number of reports, however, from within the ter- 
ritory known to be infested will be scarcely less valuable, because 
they will throw light upon the effect that the settlement of the coun- 
try, the building of towns, and the removal of forests have had upon 
the insect. 

W. D. HUNTER, 


Investigator, Division of Entomology. 

Approved: : 
JAMES WILSON, | 

Secretary. 


WASHINGTON, D. C., March 138, 1902. 
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[Reprint from Bulletin No. 18, New Series, Division of Entomology, U.S. Department of Agri- 
culture, pp. 52-58. ] 

The writer reviewed the different nomenclatures suggested by 
various authors for the broods of the periodical Cicada in Bulletin 
No. 14, new series, of the Division of Entomology, and therefore 
a brief summary of the old systems is all that need be given here. 

It will be remembered that the earlier writers, viz, Prof. Nat. 
Potter, Dr. William T. Harris, and Dr. G. B. Smith, classified the 
broods solely according to the years of their appearance. The 
unpublished register left by Dr. Smith includes every brood now 
known classified according to race, and gives the localities for one 
additional brood, the existence of which seems not to have been con- 
firmed. Though lacking any special designation for the broods, Dr. 
Smith’s classification is as complete and accurate as that published 
by Dr. Riley and since followed by all later writers. Dr. Asa Fitch 
was the first to introduce a numbering system for the different 
broods, enumerating nine altogether, but his data were very limited 
and he was not aware of the 13-year southern period, and there 
necessarily resulted no little confusion of the broods of the two races. 
The Walsh-Riley enumeration of 1878 gave the records for sixteen 
broods, which were designated by Roman numerals from I to XVI, 
the enumeration being based on the sequence of the different broods 
after 1868. In 1869, in his First Missouri Report, Dr. Riley, having 
in the meantime secured the manuscript paper of Dr. Smith, added 
the six broods from this paper not represented in the Walsh-Riley 
enumeration, increasing the number of the broods to X XII, and 
renumbered them again in accordance with their sequence, beginning 

with 1869. Several of these broods are rather unimportant, or lack 
confirmation, and one of them, Brood III, was founded on an erro- 
neous record and has been dropped. 

In the enumeration of the broods by Walsh-Riley, and later by 
Riley, the two races are mixed together and a sequence of numbers 
given which, after the first thirteen years, lost all significance as a 

record of the order of the broods in time of appearance, and from 
the first obscured the true kinship of the broods in each race. If, on 
the other hand, each race be considered separately and its broods be 
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arranged in a series in accordance with their sequence in time, an 
important natural relationship in point of origin and distribution is 
plainly indicated. 

Taking first the broods of the 17-year race, it will be seen from 
the subjoined table that if the enumeration begin with Brood XI, 
the 17-year broods follow each other in regular succession for eleven 
consecutive years; then after a break of one year follows Broods V 
and VIII, and after another break of one year, Brood IX; another 
break of one year precedes the next recurrence of Brood XI, with 
which the series starts. 


Chronological order of the broods of the Cicada from 1893 to 1910. 


17-year | 13-year 17-year | 13-year 
Year. race. race. Year. race. | race. 
fot) PONS oo Ud RED teh A XI xVI MOQ Qa s hae Aer Ah ee PRO aL: «lly 
BOA Serle te wees 2 Cie tes Ms ae ee QUI XVIII UGB Rea 2s ee es ee eee a | 
iH s9 Jo et eI LIAL TS ee a Ned XIII II 1): oe cee meP nes SOs See 2 ela, 28 
USSG eee tS ae le cues Exel TV WL OO ewer, Bel ee | 
Ao} )/ (cape (etpeuet wy ew Cea x Wi Wall POOG eee Chak Lak ee Aer VIII xvi 
EBOS cso Ree Se el ee ee Se XVII Vil NGO Ge eee eS 2 a ee eC OV 
POO O EES cane ee hes ty ek ralnaes iD ID Gaal rs Se an | 1G OBESE Re Ea bee ee IX II 
PSO ee See ae ye eS ee eal PRE WA ORO | eens 7 eran {C00 oY ei A le pe Ce eee me eye le tN oe IV 
HHS 0) | Sele ney A robe UN oy SMES REX De GMO Ay 22 ee oe ie Soe Oe xu VI 


Taking up the 13-year broods in the same way, it will be seen that 
if the enumeration start with Brood X VI, a 13-year brood follows in 
regular succession for six years. With the exception of the very 
doubtful Brood X, which is separated from the last 13-year brood 
by three years, there follow seven successive years in which no 
13-year broods occur. 

Under the supposition that the different broods of the 17-year and 
13-year races sprang in the remote past from an original brood of 
each, it would naturally follow that the broods most closely related 
in time would also present a closer relationship in their range, and 
this, in fact, proves to be generally true. 

To show this relationship and to indicate the natural order of their 
occurrence, I have to suggest a new enumeration of the broods in 
which the two races are separated—the 17-year broods coming first, 
followed, for convenience merely, by the 13-year broods. Thus 
Brood XI of the 17-year race becomes Brood I, and the others are 
numbered in the regular order of their occurrence, except that I 
have assigned a brood number to each of the seventeen years. This 
leaves Broods XII, XV, and XVII, as newly numbered, without 
any definite colonies, so far accepted, as representatives of estab- 
lished broods. As will be shown later, however, there are records 
which indicate the existence of small or scattering broods filling the 
three gaps mentioned in the 17-year series. 

In the renumbering the broods of the 13-year race I have contin- 
ued for convenience from the end of the series of the 17-year race, 
the first 13-year brood becoming Brood X VIII, and I have assigned 
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brood numbers to each year of the 13-year period, making a total 
enumeration of the broods of both races of XXX. As already 
indicated, six of the numbers given to the 13-year race have had no 
brood assigned to them, although records have been secured which 
seem to indicate the existence of scattering broods filling some of 
the gaps, as will be noted in the records given further on. 

It does not necessarily follow, in fact it is quite unlikely, that Brood 
I, as here designated, is the original or oldest brood of the 17-year 
race. Undoubtedly some of the 17-year broods, perhaps half or 
more of them, originated by retardation of individuals, and perhaps 
half by acceleration of individuals; so that the original brood, if it 
still exists, is more likely to be one of the intermediate ones. Brood 
X, being the largest of the 17-year broods, perhaps has best claim 
to this distinction. 

For the same reasons an intermediate brood in the 13-year series 
is doubtless the original brood of the 13-year race, and this title may 
possibly belong to Brood XIX which has the widest range of all the 
broods of the 13-year race. The fewer number of broods in this race 
would seem to indicate that it is of later origin than the 17-year 
race, and this belief is further justified by the fact of its occupying, 
in the main, a territory of later geographical formation. 

The following table, beginning with 1893, when the initial broods 
of both the 17-year and the 13-year series appeared in conjunction, 
illustrates the new nomenclature suggested, and in parallel col- 
umns also are given the corresponding nomenclatures proposed by 
Professor Riley, by Walsh and Riley, by Fitch, and the year records 
in Dr. Smith’s register :* 


Nomenclatare of the broods of the periodical Cicada. 


Broods of the 17-year race. | Broods of the 13-year race. 

= =e. atte — gh ds | 

7 | | 
Year. Proposed) Riley eee Fitch | Smith Proposed) Riley eee Fitch | gmith 
enumer-; num- Saaee | num- | regis- |enumer-| num- Siete TNC eeeeepene 
ation. bers. Hare bers. ter. | ation. bers. bers bers. ereter. 

S. | | 

: | | 
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NOU sao h. XII II eis 1853 XXIx Bp Uh al ut eM GH RRR | aR eereee 
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OOS! SoLe XVI Ix VIF eee ete hated XOX II i o/s es 1843 
YOO se. 5-12 Xe VAL 2 Seb MSE MOUS 4 pee XOX Se Ne ara Ep 1844 


*Tn Bul. 14, Div. Ent., U. S. Dept. of Agr., the Riley numbers given in col- 
umn 2 were employed, and should be corrected to the later enumeration indi- 
cated in column 1. 
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THE RELATIONSHIP OF THE DIFFERENT BROODS. 


As arule the relationship of the broods in point of distribution 
agrees with their kinship as indicated by their sequence in time of 
appearance. The relationship indicated by the latter, viz, their 
sequence in time, is doubtless untrustworthy as indicating origin, in 
some instances, on account of the uncertainty arising from the action 
of the principle of retardation on the one hand and acceleration on 
the other in the forming of new broods. 

In the case of a widely scattered brood, like Brood VI, it is quite 
possible that certain swarms originated from a later-appearing brood 
by retardation of individuals, and other swarms from an earlier 
brood by acceleration in time of appearance of individuals. 

This same condition may be true of other of the more scattered 
broods, but with the broods presenting a compact range a singleness 
of origin is evident. 

Examination of the distribution of the broods in connection with 
their sequence in time of appearance indicates, however, a certain 
relationship between the different broods in point of origin, which 
may be indicated as follows: 


THE RELATIONSHIP OF THE 17-YEAR BROODS. 


From the standpoint of distribution the broods of the 17-year race 
may be grouped as follows: (1) Broods I and II; (2) Broods III and 
LV; (3) Brood V =. (4) Brood’ V1; (5) Broods Vil. Wall x aa 
XI; (6) Broods XI, XT, XIV, amie XW 2 (7) Broods XVI and 
XVH, the last connecting again with Brood L. 

Taking up these broods in regular order: 

The main body of Brood I occupies territory immediately west of 
the more important Brood II, and also presents a number of colonies 
extending westward to Colorado. Broods I and II seem, therefore, 
closely allied in point of origin. 

Brood III presents little, if any, relationship to Brood II in point 
of location and distribution, but is closely allied to the following 
brood, IV, and the latter is evidently a western and southern exten- 
sion of III. 

Brood V presents little relationship with Brood IV in point of dis- 
tribution and covers a very compact territory. 

Brood VI, being a widely scattered one, and occurring usually in 
small numbers, does not seem to present any particular relationship 
with any of the preceding or following broods. 

Brood VII is local in distribution and not very important, and is 


divided into two sections by the territory occupied by the following 


Brood VIII, with which it thus seems to be closely allied. Brood 
IX is very distinctly a southern extension of Broods VII and VIII. 
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These three broods seem, therefore, to be closely allied in their 
origin, and, curiously enough, occupy territory which divides the 
two main sections of the great 17-year Brood X, which next follows 
in regular succession. Brood XI, following X, is evidently .an 
extreme northeastern extension of the latter. 

Brood XII, immediately preceding XIII, is represented by a series 
of colonies connecting the western Brood XIII with group 5. Brood 
XIII is the principal representative of group 6 and represents a large 
western group of the 17-year race of group 6, which comprises the 
main western branch of the 17-year race, as group 5 clustered about 
X is the principal representative of the eastern branch of the same 
race. Brood XIV has a very wide range to the eastward of XITI, 
and connects with the latter through the colonies in northern Illinois 
and Indiana. Brood XV, following XIV, is limited to the Atlantic 
seaboard with the exception of one doubtful colony in Indian Terri- 
tory, and connects directly with the eastern colonies of XIV. 

Brood XVI is based on somewhat doubtful records, the Colorado 
locality perhaps being due to confusion with some other species, and 
the other records needing confirmation. Brood X VIT is intermediate 
between Brood XVI and Brood I, its western colonies connected 
with the former and the eastern colonies with the latter. 


THE RELATIONSHIP OF THE 13-YEAR BROODS. 


The broods of the 13-year race break up into the following natural 
groups: (1) Related closely to Brood XIX, and comprising Broods 
XVIII, XIX, and XX; and (2) related to Brood XXIII, and com- 
prising Broods X XI, XXII, XXIII, and our new Brood XXIV. 

The first of these broods, Brood XVIII, is a rather insignificant 
one and is undoubtedly an eastern extension or offshoot of the great 
13-year Brood XIX, which succeeds it. Brood XX is undoubtedly a 
section of Brood XIX retarded one year, just as Brood XVI is an 
accelerated swarm of the same. Both represent eastern extensions 
of the parent brood. | 

‘Brood X XI, separated from Brood XIX by two years, seems to 
bear little relationship to the latter, and a more logical arrangement 
consists in connecting it with Brood XXIII through Brood XXII, 
of which last it may be considered as an eastern and northern exten- 
sion. Brood XXII is a very marked instance of the formation of a 
new brood by an acceleration in time of the appearance of a portion 
of a larger and older brood. Its relationship with Brood XXIII is 
very marked and can not be questioned. Brood XXIII, the main 
representative of this group, is followed by the new Brood XXIV, 
which is evidently a retarded swarm of the preceding brood. 

Of the new Broods X XIX and XXX, both of which need verifi- 
cation, no significant relationship can be pointed out. 
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Brood X XIX is very doubtful, and the records are possibly based 
on confusion with the 17-year race. 


NEW BROODS 17-YEAR RACE. 


Brood XII, 1904.—lf his records are correct, this brood is the 
one referred to by Dr. G. B. Smith as occurrring in 1853 in Vinton 
County, Ohio, and Jo Daviess County, Ill. Its recurrence seems 
not to have been recorded either in 1870 or 1887, and Smith’s records 
are therefore open to question. 

Mr. J. R. Burke, Milton, Cabell County, W. Va., writing under 
date of May 22, 1897, says: ‘‘ The Cicada is not due here until 1904; 
its last visit was in 1887.” 

Mr. W.S. Herrick, Thurman, Allen County, Ind., writes under 
date of June 10, 1898, that ‘‘ We had the 17-year locust in 1887, if 
I remember correctly.” This is also a doubtful record, and it is 
possible that he referred either to Brood X XII, occurring in 1885, 
or Brood V, occurring in 1888. 

That all these records are open to some doubt is apparent, but they 
are of sufficient importance to warrant investigation in 1904. 

Brood XV, 1907.—This brood is represented by the colony appear- 
ing at Tivoli, Duchess County, and Galway, Saratoga County, N. Y., 
in June, 1890, as recorded by Prof. J. A. Lintner in his Seventh 
Report, pages 297-301. Mr. Davis records the occurrence of scat- 
tering individuals the same year on Staten Island. In a letter of 
June 2, 1890, Prof. J. B. Smith, New Brunswick, N. J., reports that 
the periodical Cicada had been taken by several Newark collectors, 
and had also been observed at Anglesea, Cape May County. 

Another record which perhaps applies to this brood is given by Mr. 
I. N. Smith, Scotland Neck, Halifax County, N. C., in letter of 
June 22, 1885. He reports that his ‘‘ First recollection of the locust 
was about the year 1839 or 1840, when the whole of the white-oak 
lands were filled with them. * * * Jn1855 or 1856 they appeared 
again, but nothing to compare with the period first stated. The 
locusts were all on the white-oak land and on the Roanoke River and 
not on the pine lands.” Assuming the dates 1839 and 1856 to be the 
correct ones, this would throw this swarm of Cicadas into Brood XV, 
and if there are any representativs left they should reappear in 1907. 

The late Mr. W.S. Robertson, of Muscogee, Ind. T., in a letter of 
June 17, 1879, incidentally mentioned also the occurrence of a brood 
of Cicadas 1839. This record could not fall in any one of the old 
broods, and if it belongs to the 17-year race it would be an extreme 
western outpost of XV. 

Brood X VII, 1909.—A very definite record which may coincide 
with this brood is furnished by Mr. Theodore Pergande, of this 
Division, who states that Mr. Rosseau, of Charlottesville, Albemarle 
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County, Va., informed him that the Cicada was very numerous in 
that place in 1875. His informant was positive as to the year from 
its being the one in which he made a trip to Kurope. 

Another record is given by Mr. John D. Macpherson, Manassas, 
Prince William County, Va., in letter of July 3, 1895. He writes: 
‘*T came here on the 23d of June, leaving the Cicada in full song in 
Washington (Brood X). Finding none here, | made inquiry and 
was informed that they appeared in full force in this county (Prince 
William) in the year 1875. This information I regard as reliable, the 
date being fixed as the year following the marriage and arrival of 
my informant in this county.” These Virginia swarms are evi- 
dently precursors of Brood I, with which they are therefore closely 
allied. 

A western extension of this brood seems to be indicated in the 
record furnished by H. J. Giddings, Sabula, Jackson County, Iowa. 
He writes, ‘‘ during last June (1892) the periodical Cicada was quite 
common here. * * * J thought it was unusual to find them in 
such numbers four years after their regular appearance. The last 
regular year was 1883.” (See Insect Life, Vol. V, page 200.) 

If belonging to the 17-year race, the two records following should 
also be assigned to this brood. Mr. A. J. Julian, Woolleys Ford, 
Hall County, Ga., reports under date of June 14, 1898, that the 
Cicada was present there in 1892. Mr. J. W. Seaton, Strasburg, 
Cass County, Mo., writes under date of June 9, that the Cicada last 
appeared in that county in the summer of 1892 and in the summer 
of 1896, being numerous both years. The 1896 record refers to the 
17-year Brood IV, and hence the record of 1892 is probably also of 
the 17-year race occurring in the same district. 

The scattering specimens recorded by Mr. Davis as occurring on 
Staten Island in 1892 may also be assigned to this brood. 


NEW BROODS, 13-YEAR RACE. 


Brood XXIV, 1899.—Mr. P. Lynch, Commerce, Scott County, 
Mo., under date of December 24, 1874, reports that the Cicada ap- 
peared in the summer of 1873 in considerable numbers, coming in 
June and remaining about two months. ‘‘ Their eastern limit in 
this county (Scott) was the Mississippi River, but they were as nu- 
merous on the opposite side of the river in Alexander County, III.” 

Mr. W.S. Campere, Pickens Station, Holmes County, Miss., writes 
under date of February 27, 1875, that the Cicadas appeared in great 
numbers in April, 1873. These two records would indicate a brood 
originating doubtless by retardation of individuals of Brood X XIII. 

Brood X XIX, 1894.—It is possible that the following records 
apply to a 13-year race, and in that case should be assigned to our 
Brood No. X XIX. 
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Mr. C. J. Wellborn, Blairsville, Union County, Ga., writes under 
date of June 12, 1885, that ‘‘in May, 1878, locusts appeared south 
of this place and the northern limit then was the present southern — 
limit of the territory covered now (by Brood X, 1885).” 

Mr. James Pagon, Winnsboro, Fairfield County, 8. C., writes that 
locusts appeared in South Carolina in 1878, but does not give definite — 
localities. Both these records need confirmation. 

Brood XXX, 1905.—Mr. B. H. Brodnax, Brodnax, Morehouse 
Parish, La., writes under date of May 13, 1892, that Cicadas are 
scatteringly present, and in a later letter he asserts that the insect in — 
question is the periodical Cicada, with which he is familiar. 

The records given above Of new broods of the 13-year race are 
rather unsatisfactory, and it may be true that the 13-year race has 
not by any means distributed itself over its entire period, and the 
broods still cluster about the two main representatives of the race, 
namely Broods XIX and XXIII. 


WASHINGTON, D. C., May 1, 1902. 
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United States Department of Agriculture, 
BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


HYDROCYANIC-ACID GAS AGAINST HOUSEHOLD INSECTS. 
By L. O. HOWARD. 


Hydrocyanic-acid gas is one of the most effective remedies known 
against various classes of insects. For more than twenty years it has 
been the principal means of controlling scale insects on citrus trees in 
California and is now in general use for the disinfection of all deciduous 
vursery stock and other plant material for shipment, and is also one of 
he most effective methods of ridding greenhouses and cold frames of 

lant-lice, thrips, white fly, and various scale pests which infest plants 

‘own under glass.” 

It has been fully demonstrated that this gas, which is very deadly to 

| forms of animal life, is, under proper precautions, an excellent 
emedy for household insects. Probably its first use for this purpose 
was in June of 1898 by Mr. Marlatt, of this office, against book-lice in 
the residence of an employee of the Department of Agriculture, using 

e cyanide first at the ordinary strength employed on fruit trees, then 

ouble, and finally quadruple the strength. The book-lice came from 
recently introduced leather-covered furniture, the covering of which was 
“4 tightly fastened as to be almost, if not quite, impervious to the gas, 
and the treatment was only partially successful. Another early use of 
#is gas for household insects was in 1899 in San Francisco by Mr. 
\lexander Craw, Chief Quarantine Officer of the Board of Horticulture. 
1 this case it was used against bedbugs and in very small proportions. 
vo and one-half fluid ounces of commercial sulphuric acid and 24 
‘nces 98 per cent cyanide oi potassium were used in a house of several 
oms, each containing about 2,250 cubic feet of space. The rooms 
ere closed for two hours, then entirely aired. The operation was 
parently successful. 

Perfectly successful experiments were made during the summer of 
1001 by Mr. W. R. Beattie, of the Department of Agriculture, and by 
wr. A. H. Kirkland, of Boston, Mass., formerly Secretary of the Asso- 
‘tation of Economic Entomologists. Mr. Beattie’s experiments were 

-ainst cockroaches and Mr. Kirkland’s in one case against fleas and 

- the other against clothes moths. 


1 Revised by C. L. Marlatt, Entomologist and Acting Chief in “Absence of Chief. 
2 Refer to Circulars 37, 42, and 57, and Farmers’ Bulletin 172. 
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Entomologists have long noticed that insects vary greatly in their 


susceptibility to cyanide fumes. The ordinary killing bottle used in | 


making collections contains cyanide of potassium covered with plaster 
of Paris, which the fumes of the cyanide penetrate. Certain weevils, 
and especially such weevils as Lixus and Sphenophorus and other 
hard-bodied forms, will frequently be left overnight in a cyanide bottle 
and recover after being removed. It has been noticed also that in 
greenhouses certain insects recover. The experience gained, however, 
indicates that the use of hydrocyanic-acid gas in houses is successful 
against cockroaches, bedbugs, fleas, clothes moths, ants, white ants, 
house flies, and other soft-bodied insects; and as these constitute the 
majority of the household pests, the use of the gas must now be con- 
sidered a standard remedy. Moreover, rats and mice are also killed by 
its use, and it fortunately has the effect of first causing these animals to 
rush out from their holes into the open, so that the subsequent annoy- 
ance of dead mice in walls and under floorings is not experienced. 

Since the initial experiment against household pests in 1898 a great 
deal of experience has been gained in practical work by this Bureau. 
Many residences and public buildings and offices of this Department, 
stores, and schools have been fumigated, especially since 1901. This 
work has been conducted chiefly under the direction of Mr. Marlatt by 
Messrs. Busck, Pratt, Kotinsky, J. H. Beattie, and other members of the 
office force, and has given practically uniform success. Most of this 
work was done subsequent to the publication of Circular 46, second 
series,-and is the basis for the present revision of that circular, which, 
however, has not been changed in essential details. 

Some entomologists recommend as a substitute for hydrocyanic-acid 
gas a substance which has been more or less effectively used, viz, car- 
bon bisulphid. The great danger in the use of this latter substance, 
however, from its extreme inflammability and the explosiveness of its 
vapor when confined, renders it perhaps less available and more than 
counteracts the danger to human beings from the use of the hydrocyanic- 
acid gas.! | | 


1To determine the availability of hydrocyanic-acid gas against the insect 
enemies o! stored products or in granaries, some experiments were made during 
1898 and the spring oj 1899 by Messrs. Marlatt and Chittenden, of this office, in 
the presence of Mr. D. G. Fairchild and others, against certain grain weevils and 
the Angoumois grain moth, but with imperfect success, although the proportions 
used were much greater than in Mr. Craw’s experiment. In his recent book on 
fumigation methods, Prof. W. G. Johnson states that he used the hydrocyanic- 
acid gas in a granary and storehouse in June, 1899, using it at the rate of 0.1 
gram of cyanide per cubic foot of space. y The granary was affected by weevils, 
and, from the report of the owner, it appears that most of the latter were de- 
stroyed, though many escaped. During the same month in an Ohio mill another 
experiment of this kind was carried on under Professor Johnson’s instructions. 
The owner considered the experiment to be ‘‘a most grand success.’’ The 
Mediterranean flour moth and certain granary beetles were destroyed. There is 
still some doubt, however, as to its efficiency under granary and mill conditions, 
and further experimentation is needed. 
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(2) Arrange for the opening of doors and windows from*the outside 
. at the conclusion of the fumigation, and close all registers, fireplaces, 
| and other openings. Do necessary calking and remove carpets and 
‘rugs and moist food material and any metallic objects which are likely 
to be tarnished. 

(3) Place the generating vessels in each room with a thick carpeting 
| of old newspapers under each. 

(4) Break up the cyanide out of doors and place it in thin paper 
, sacks containing a pound or a half pound each, suited to the amounts 
to be used in the different rooms. 

(5) Measure into each of the generating jars the proper am >unt of 
water, and afterwards add the acid slowly in the proper amount to each of 
the jars. 

(6) Take the cyanide in bags in a basket and place the bags to the 

proper amount alongside of the generating jars in each room. 
(7) Start at the top of the house and place the cyanide gently, so as 
, not to spatter, into each jar, and quickly leave the room. As soon as 
| the upper floor is finished go to the next lower, and pass in this manner 
from floor to floor until the basement is reached and exit is made 
through the lower door. Ii two persons work together in this operation, 
_they should both be on the same floor together, taking different rooms. 
| (8) The following day, or after the completion of the fumigation, 
‘open the windows and doors from the outside, and let the house 
_ ventilate for an hour before entering it. 

(9) After the house is thoroughly ventilated and the odor of the gas 
has disappeared, the Jars should be emptied in a safe place, preferably 

hrough the sewer trap, and thoroughly and repeatedly washed before 
being used for any household purpose. 
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THE BEDBUG. 


(Cimex lectularius Linn. ) 


By C. L. MARLATT, 
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[Revised reprint from Bulletin No. 4, New Series, Division of Entomology, U.S. Department of 
Agriculture, pp. 32-38. ] 


The presence of this insect (fig. 1) in a house is not necessarily an 
indication of neglect or carelessless; for, little as the idea may be 
relished, it may often gain access in spite of the best of care and the 
adoption of all reasonable precautions. It is very apt to get into 


Fic. 1.—Cimex lectularius: a, adult female, gorged with blood; b, same, from below; c¢, rudi- 
mentary wing-pad; d, mouth-parts—all enlarged (original). 


the trunks and satchels of travelers, and may thus be introduced 
into homes. Unfortunately, also, it is quite capable of migrating 
from one house to another, and will often continue to come from an 
adjoining house, sometimes for a period of several months, gaining 
entrance daily. Such migration is especially apt to take place if the 
human inhabitants of an infested house leave it. With the failure 
of their usual source of food, the migratory instinct is developed; 
and, escaping through windows, they pass along walls, water pipes, 
or gutters, and thus gain entrance into adjoining houses. In these 
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or other ways it may be anyone’s misfortune to have his premises 
temporarily invaded. 

As with nearly all the insects associated with man, the bedbug has 
had the habits now characteristic of it as far back as the records run. 
It was undoubtedly of common occurrence in the dwellings of the 
ancient peoples of Asia. The Romans were well acquainted with it, — 
giving it the name Cimex. It was supposed by Pliny (and this was 
doubtless the common belief among the Romans) to have medicinal 
properties, and it was recommended, among other things, as a spe- 
cific for the bites of serpents. It is said to have been first introduced 
into England in 1503, but the references to it are of such a nature 
as to make it very probable that it had been there long previously. 
‘'wo hundred and fifty years later it was reported to be very abun- 
dant in the seaport towns, but was scarcely known inland. It has 
been inferred that the following reference from the old English Bible 
of 1551 is to this insect: ‘‘ Thou shalt not nede to be afriad for eny 
Bugges by night” (Psalm XCI, 5). 

One of the old English names was ‘‘ wall-louse.” It was after- 
wards very well known as the ‘‘chinch,” which continued to be the 
common appellation for it until within a century or two, and is still 
used in parts of this country. The origin of the name ‘“‘ bedbug” is 
not known, but it is such a descriptive one that it would seem to 
have been very naturally suggested. Almost everywhere there are 
local names for this parasite, as, for illustration, around Boston they 
are called ‘‘chintzes” and ‘‘chinches,” and from Baltimore comes 
the name ‘‘ mahogany flat,” while in New York they are styled ‘‘red 
coats.” 3 

The bedbug has accompanied man wherever he has gone. Vessels 
are almost sure to be infested with it. It is not especially limited 
by cold, and is known to occur well north. It probably came to this 
country with the earliest colonists, at least Kalm, writing in 1748-49, 
stated that it was plentiful in the English colonies and in Canada, 
though unknown among the Indians. 

The bedbug belongs to the order Hemiptera, which includes the 
true bugs or piercing insects, characterized by possessing a piercing 
and sucking beak. The bedbug is to man what the chinch bug is 
to grains or the squash bug to cucurbs. Like nearly all the insects 
parasitic on animals, however, it is degraded structurally, its para- 
sitic nature and the slight necessity for extensive locomotion having 
resulted, after many ages, doubtless, in the loss of wings and the 
assumption of a comparatively simple structure. The wings are 
represented by the merest rudiments, barely recognizable pads, and 
it lacks the simple eyes or ocelli of most other true bugs. In form 
it is much flattened, obovate, and in color is rust red, with the abdo- 
men more or less tinged with black. The absence of wings is a most 
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fortunate circumstance, since otherwise there would be no safety 
from it even for the most careful and thorough of housekeepers. 
Some slight variation in length of wing pads has been observed, but 
none with wings showing any considerable development have ever 
been found. 

A closely allied species is a parasitic messmate in the nests of the 
common barn or eaves swallow in this country, and it often happens 
that the nests of these birds are fairly alive with these vermin. The 
latter not infrequently gain access to houses and cause the house- 
keeper considerable momentary alarm. At least three species occur 
also in England, all very closely resembling the bedbug. One of 
these is found in pigeon cotes, another in the nests of the English 
martin, and a third in places frequented by bats. What seems to 
be the true bedbug, or at best a mere variety, also occurs occa- 
sionally in poultry houses.' 

The most characteristic feature of the insect is the very distinct 


Fic. 2.—Cimex lectularius. Egg and newly hatched larva of bedbug: a, larva from below; b, 
larva from above; ¢, claw; d, egg; e, hair or spineof larva—greatly enlarged; natural size of 
larva and egg indicated by hair lines (original). 


and disagreeable odor which it exhales, an odor well known to all 
who have been familiar with it as the ‘‘ buggy ” odor. This odor is 
by no means limited to the bedbug, but is characteristic of most 
plant bugs also. The common chinch bug affecting small grains 
and the squash bugs all possess this odor, and it is quite as pungent 
with these plant-feeding forms as with the human parasite. The 
possession of this odor, disagreeable as it is, is, after all, a most 
fortunate circumstance, as itis of considerable assistance in detect- 
ing the presence of these vermin. The odor comes from glands, 
situated in various parts of the body, which secrete a clear, oily, 
volatile liquid. The possession of this odor is certainly, with the 
plant-feeding forms, a means of protection against insectivorous 
birds, rendering these insects obnoxious or distasteful to their 
feathered enemies. With the ee it is pee an HUE 
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of a very common phenomenon among animals, the persistence of a 
characteristic which is no longer of any especial value to the possessor 
of it. The natural enemies of true bugs, against which this odor serves 
as a means of protection, in the conditions under which the bedbug 
lives, are kept away from it; and the roach, which sometimes feeds 
on bedbugs, is evidently not deterred by the odor, while the common 
house ant, which will also attack the neanes, seems not to find this 
odor disagreeable. 

The bedbug is thoroughly nocturnal in habits and displays a cer- 
tain degree of wariness and caution, or intelligence, in its efforts 
at concealment during the day. It thrives particularly in filthy 
apartments and in old houses which are full of cracks and crevices 
in which it can conceal itself beyond easy reach. It usually leaves 
the bed at the approach of daylight to go into concealment either in 
cracks in the bedsteads, if it be one of the old wooden variety, or 
behind wainscoting, or under loose wall paper, where it manifests 
its gregarious habit by collecting in masses together. The old-fash- 
ioned heavy wooden bedsteads are especially favorable for the con- 
cealment and multiplication of this insect, and the general use in 
later years of iron and brass bedsteads has very greatly facilitated 
its eradication. They are not apt to be very active in winter, espe- 
cially in cold rooms, and ordinarily hibernate in their places of con- 
cealment. 

The bedbug, though normally feeding on human blood, seems to 
be able to subsist for a time at least on much simpler food, and in 
fact the evidence is pretty conclusive that it is able to get more or 
less sustenance from the juices of moistened wood, or the moisture 
in the accumulations of dust, etc., in crevices in flooring. No other 
explanation would seem to ome for the fact that houses long 
unoccupied are found, on being reinhabited, to be thoroughly stocked 
with bedbugs. 

There is a very prevalent belief among the old settlers in the West 
that this insect normally lives on dead or diseased cottonwood logs, 
and is almost certain to be abundant in log houses of this wood. 
This belief was recently voiced by Capt. 8. M. Swigert, U.S. A., 
who reports that it often occurs in numbers under the bark of dead 
trees of cottonwood (Populus monilifera), especially along the Big 
and Little Horn rivers in Montana. 

The origin of this misconception—for such it is—so far as the out- 
of-door occurrence is concerned, is probably, as pointed out by Pro- 
fessor Riley, from a confusion of the bedbug with the immature 
stages of an entirely distinct insect (Aradus sp.) which somewhat 
resembles the former and often occurs under cottonwood bark. In 
houses, green or moist cottonwood logs or lumber may actually fur- 
nish sustenance in the absence of its usual food. The bedbug is, 
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however, known to be able to survive for long periods without food, 
specimens having been kept for a year in a sealed vial, with abso- 
lutely no means of sustenance whatever, and in unoccupied houses 
it can undoubtedly undergo fasts of extreme length. Individuals 
obtained from eggs have been kept in small sealed vials in this office 
for several months, remaining active and sprightly in spite of the 
fact that they had never taken any nourishment whatever. 
Extraordinary stories are current of the remarkable intelligence of 
this insect in circumventing various efforts to prevent its gaining 
access to beds. Most of these are undoubtedly exaggerations, but 
the inherited experience of many centuries of companionship with 
man, during which the bedbug has always found its host an active 
enemy, has resulted in a knowledge of the habits of the human ani- 
mal and a facility of concealment, particularly as evidenced by its 
abandoning beds and often going to distant quarters for protection 


Fig. 3.—Climex lectularius: a, larval skin Shed at first moult; b, second larval stage taken 
immediately after emerging from a; ¢, same after first meal, distended with blood (original). 


and hiding during daylight, which indicate considerable apparent 
intelligence. 

The bite of the bedbug is decidedly poisonous to some individuals, 
| resulting in a slight swelling and disagreeable inflammation. To 
such persons the presence of bedbugs is sufficient to cause the great- 
est uneasiness, if not to put sleep and rest entirely out of the question. 
With others, however, who are less sensitive, the presence of the 
bugs may not be recognized at all, and, except for the occasional 
staining of the linen by a crushed individual, their presence might 
be entirely overlooked. The inflammation experienced by sensitive 
persons seems to result merely from the puncture of the skin by the 
sharp piercing setze which constitute the puncturing element of the 
mouth parts, as there seems to be no secretion of poison other than 
the natural fluids of the mouth. 

The biting organ of the bedbug is exactly like that of other hemip- 
terous insects. It consists of a rather heavy, fleshy under. lip (the 
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only part ordinarily seen in examining the insect), within which lie 
four thread-like hard filaments or setze which glide over each other 
with an alternating motion and pierce the flesh. The blood is drawn 
up through the beak, which is closely applied to the point of punc- 
ture, and the alternating motion of the setze in the flesh causes the 
blood to flow more freely. The details of the structure of the beak 
are shown in Fig. 1, d. In common with other insects which attack 
men, it is entirely possible for these pests to be transmitters of con- 
tagious diseases. 

Like its allies, the bedbug undergoes an incomplete metamor- 
phosis, the young being very similar to their parents in appearance, 
structure and in habit. The eggs (fig. 2, d) are white oval objects, 
having a little projecting rim around one edge, and are laid in 
batches of from one-half dozen to fifty in cracks and crevices where 
the bugs go for concealment. . The eggs hatch in a week or ten days, 
and the young escape by pushing the lid within the projecting rim 
from the shell. At first they are yellowish white, nearly transpar- 
ent, the brown color of the more mature insect increasing with the 
later molts (fig. 3). During the course of development the skin is 
shed five times, and with the last molt the minute wing pads charac- 
teristic of the adult insect make their appearance. A period of about 
eleven weeks has been supposed to be necessary for the complete ma- 
turity of this insect, but we have found this period subject to great 
variation, depending on warmth and food supply. Breeding experi- 
ments conducted at this office indicate, under most favorable condi- 
tions, a period averaging eight days between moltings and between 
the laying of the eggs and their hatching, giving about seven weeks 
as the period from egg to adult insect. Some individuals under the 
same conditions will, however, remain two to three weeks between 
moltings, and without food, as already shown, they may remain 
unchanged for an indefinite time. Ordinarily but one meal is taken 
between molts, so that each bedbug must puncture its host five 
times before becoming mature and at least once afterwards before 
it again develops eggs. -They are said to lay several batches of eggs 
during the season, and are extremely prolific, as occasionally realized 
by the housekeeper, to her chagrin and embarrassment. 


REMEDIES. 


That the bedbug may be destroyed in houses by fumigating with 
hydrocyanic acid gas has been fully demonstrated during the last 
few years. The gas penetrates every crevice in the house or room 
where the bedbugs conceal themselves, and has an immediate 
effectiveness which gives it an important recommendation, especially 
when the infestation is considerable or of long standing. The gas 
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treatment for houses is described in full by Dr. L. O. Howard in 
Circular 46 of this series. 

The old remedies, which follow, are effective enough, though at a 
greater cost of time and personal effort, yet will often be of service 
for slight infestation or where the employment of the more poison- 
ous cyanide is objected to or is impracticable. 

The bedbug, on account of its habits of concealment, is usually 
beyond the reach of powders, and the ordinary insect powders, such 
as pyrethrum, are of practically no avail against it. If iron or brass 
bedsteads are used the eradication of the insect is comparatively 
easy. With large wooden bedsteads, furnishing many cracks and 
crevices into which the bugs can force their flat, thin bodies, their 
extermination becomes a matter of considerable difficulty. The 
most practical way to effect this end is by very liberal applications 
of benzine or kerosene or any other of the petroleum oils. These 
must be introduced into all crevices with small brushes or feathers, 
or by injecting with small syringes. Corrosive sublimate is also of 
value, and oil of turpentine may be used in the same way. The 
liberal use of hot water, wherever it may be employed without 
danger to furniture, etc., is also an effectual method of destroying 
both eggs and active bugs. Various bedbug remedies and mixtures 
are for sale, most of them containing one or the other of the ingre- 
dients mentioned, and they are frequently of value. The great 
desideratum, however, in a case of this kind, is a daily inspection of 
beds and bedding and of all crevices and locations about the premises 
where these vermin may have gone for concealment. A vigorous 
campaign should, in the course of a week or so at the outside, result 
in the extermination of this very obnoxious and embarrassing pest. 

In the case of rooms containing books, or where liquid applications 
are inadvisable, a thorough fumigation with brimstone is, on the 
authority of the late Dr. J. A. Lintner, then New York State ento- 
mologist, an effective means of destruction. He says: 

_ Place in the center of the room a dish containing about 4 ounces of brimstone, 
within a larger vessel, so that the possible overflowing of the burning mass may 
not injure the carpet or set fire to the floor. After removing from the room all 
such metallic surfaces as might be affected by the fumes, close every aperture, 
even the keyholes, and set fire to the brimstone. When four or five hours have 
elapsed, the room may be entered and the windows opened for a thorough airing. 

‘The fact that the bedbug has a very active enemy in the com- 
mon house cockroach has already been alluded to, and the proof 
seems to be fairly conclusive. Another common insect visitor in 
houses, and a very annoying one also to the careful housekeeper, the 
little red ant (Monomorium pharaonis), is also known to be a very 
active and effective enemy of the bedbug. Mr. Theo. Pergande, of 
this office, informs me that during the late war, when he was with 
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the Union army, he occupied at one time barracks at Meridian, 
Miss., which had been abandoned some time before. The premises 
proved to be swarming with bedbugs; but very shortly afterwards 
the little red house ant discovered the presence of the bedbugs and 
came in in enormous numbers, and Mr. Pergande witnessed the 
very interesting and pleasing sight of the bedbugs being dismem- 
bered or carried away bodily by these very minute ants, many times 
smaller than the bugs which they were handling so successfully. 
The result was that in a single day the bedbug nuisance was com- 
pletely abated. The liking of red ants for bedbugs is confirmed 
also by a correspondent writing from Florida (F. C. M. Boggess), 
who goes so far as to heartily recommend the artificial introduction 
of the ants to abate this bug nuisance. (Insect Life, Vol. VI, p. 
340.) Bedbugs and other household insects, however, are not of the 
sort which it is convenient or profitable to turn over to their natural 
enemies in the hope that eradication by this means will follow, and 
the fact of their being preyed upon by other insects furnishes no 
excuse to the housekeeper for not instituting prompt remedial 
measures. 


WASHINGTON, D. C., June 15, 1902. 
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The presence of the bedbug (fig. 1) in a house is not necessarily an . 
indication of neglect or carelessness; for, little as the idea may be 
relished, this insect may often. gain access in spite of the best of care 
and the adoption of all reasonable precautions. It is very apt to get 


‘Fic. 1.—Bedbug (Cimea lectularius): a, adult female, gorged with blood; b, same from below; 
¢, rudimentary wing pad; d, mouth parts. a, b. much enlarged; ec, d, highly magnified 
(original). 

‘into the trunks and satchels of travelers, and may thus be introduced 
into homes. Unfortunately, also, it is quite capable of migrating from 
one house to another and will often continue to come from an adjoining 
house, sometimes for a period of several months, gaining entrance daily. 
‘Such migration is especially apt to take place if the human inhabitants 
of an infested house leave it. With the failure of their usual source of 
food, the migratory instinct of the bedbugs is developed; and, escaping 
through windows, they pass along walls, water pipes, or gutters, and 
thus gain entrance into adjoining houses. In these or other ways it 
may be anyone’s misfortune to have his premises temporarily invaded. 
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As with nearly all the insects associated with man, the bedbug has 
had the habits now characteristic of it as far back as the records run. 
It was undoubtedly of common occurrence in the dwellings of the 
ancient peoples of Asia. The Romans were well acquainted with it, 
giving it the name Cimex. It was supposed by Pliny (and this was 
doubtless the common belief among the Romans) to have medicinal 
properties, and it was recommended, among other things, as a spe- 
cific for the bites of serpents. It is said to have been first introduced 
into England in 1508, but the references to it are of such a nature 
as to make it very probable that it had been there long before. Two 
hundred and fifty years later it was reported to be very abundant in the 
seaport towns, but was scarcely known inland. ~ oe 

One of the old English names was “ wall-louse.’’ It was afterwards 
very well known as the ‘“chinch,’’ which continued to be the common 
appellation for it until within a century or two and is still used in 
parts of this country. The origin of the name “bedbug’”’ is not 
known, but it is such a descriptive one that it would seem to have 
been very naturally suggested. Almost everywhere there are local 
names for these parasites, as, for illustration, around Boston they are 
called ‘‘chintzes’’ and ‘‘chinches,’’ and from Baltimore. comes the 
name “mahogany flat,’ while in New York they are styled “red 
coats.”’ . 

The bedbug has accompanied man wherever he has gone. Vessels 
are almost sure to be infested with it. It is not especially limited by 
cold and is known to occur well north. It probably came to this 
country with the earliest colonists; at least Kalm, writing in 1748-49, 
stated that it was plentiful in the English colonies and in Canada, 
though unknown among the Indians. 

The bedbug belongs to the order Hemiptera, which includes the 
true bugs or piercing insects, characterized by possessing a piercing 
and sucking beak. The bedbug is to man what the chinch bug is to 
erains or the squash bug to cucurbs. Like nearly all the insects 
parasitic on animals, however, it is degraded structurally, its parasitic 
nature and the slight necessity for extensive locomotion having resulted, 
after many ages, doubtless, in the loss of wings and the assumption of 
a comparatively simple structure. The wings are represented by the 
merest rudiments, barely recognizable pads, and the simple eyes or 
ocelli of most other true bugs are lacking. In form the bedbug is 
much flattened, obovate, and in color is rust red, with the abdomen 
more or less tinged with black. The absence of wings is a most 
fortunate circumstance, since otherwise there would be no safety from 
this pest, even for the most careful and thorough of. housekeepers. 
Some slight variation in length of wing pads has been observed, but 
no individual with wings showing any considerable development has 
ever been found. 


3 


A closely allied species is a parasitic messmate in the nests of the 
common cliff or eaves swallow in this country, and it often happens 
that the nests of such birds are fairly alive with these vermin. The 
latter not infrequently gain access to houses and cause the housekeeper 
considerable alarm. At least three species occur also in England, all 
very closely resembling the bedbug. One of these is found in pigeon 
cotes, another in the nests of the English martin, and a third in places 
frequented by bats. What seems to be the true bedbug, or at best a 
mere variety, occurs occasionally in poultry houses.! 

The most characteristic feature of the insect is the very distinct and 
disagreeable odor which it.exhales, an odor well known to all who have 

amiliar with it as the ~ buggy’ odor. This odor is by no means 
limited to the bedbug, but ‘is characteristic of most plant bugs also- 


~The common chinch bug affecting small grains and the squash bugs all 


possess this odor, and it is quite as pungent with these plant-feeding 
forms as with the human parasite. The possession of this odor, dis- 
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Fig. 2.—Bedbug (Cimex lectularius): Egg and newly hatched larva: a, larva 
from below; b, larva from above: c, claw; d, egg; e, hair or spine of larva. 
Greatly enlarged, natural size of larva and egg indicated by hair lines (original). 


agreeable as it is, is, after all, a most fortunate circumstance, as it is of 
considerable assistance in detecting the presence of these vermin. The 
odor comes from glands, situated in various parts of the body, which 
secrete a clear, oily, volatile liquid. With the plant-feeding forms this 
odor is certainly a means of protection against insectivorous birds, 
rendering these insects obnoxious or distasteful to their feathered ene- 
mies. With the bedbug, on the other hand, it is probably an illustration 
of a very common phenomenon among animals, 1. e., the persistence 
of a characteristic which is no longer of any especial value to the pos- 
sessor. The natural enemies of true bugs, against which this odor 


-*serves as a means of protection, in the conditions under which the bed- 


bug lives, are kept away from it; and the roach, which sometimes feeds 
on bedbugs, is evidently not deterred by the odor, while the common 


1Tnsect Life, Vol. VI, p. 166, Osborn. 
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house ant, which will also attack the bedbug, seems not to find this 
odor disagreeable. 

The bedbug is thoroughly nocturnal in habits and displays a certain 
degree of wariness and caution, or intelligence, in its efforts at conceal- 
ment during the day. It thrives particularly in filthy apartments and 
in old houses which are full of cracks and crevices in which it can con- 
ceal itself beyond easy reach. It usually leaves the bed at the approach 
of daylight to go into concealment either in cracks in the bedstead, if 
the latter be one of the old wooden variety, or behind wainscoting or 
under loose wall paper, in these places manifesting its gregarious habit — 
by collecting in masses. The old-fashioned heavy wooden bedsteads 
are especially favorable for the concealment and multiplication of this 
insect, and the general use in later years of iron and brass bedsteads 
has very greatly facilitated its eradication. Bedbugs are not apt to be 
very active in winter, especially in cold rooms, and ordinarily hibernate 
in their places of concealment. q 

The bedbug, though normally feeding on human blood, seems to be 
able to subsist, for a time at least, on much simpler food; and, in 
fact, the evidence is pretty conclusive that it is able to get more or less 
sustenance from the juices of moistened wood, or the moisture in the 
accumulations of dust, etc., in crevices in flooring. No other explana- 
tion would seem to account for the fact that houses long unoccupied 
are found, on being reinhabited, to be thoroughly stocked with bedbugs. 

There is a very prevalent belief among the old settlers in the West 
that this insect normally lives on dead or diseased cottonwood logs and 
is almost certain to be abundant in log houses of this wood. This 
belief was recently voiced by Capt. 8. M. Swigert, U.S. A., who reports 
that it often occurs in numbers under the bark of dead trees of cotton- 
wood (Populus monilifera), especially along the Big and Little Horn 
rivers in Montana. 


The origin of this misconception—for such it is, so far as the out-of 


door occurrence is concerned—is probably, as pointed out by Professor 
Riley, from a confusion of the bedbug with the immature stages of an 
entirely distinct insect (Aradus sp.) which somewhat resembles the former 
and often occurs under cottonwood bark. In houses, green or moist cot- 
tonwood logs or lumber may actually furnish sustenance to the bedbug 
in the absence of its usual food. The bedbug is, however, known to 
be able to survive for long periods without food, specimens having been 
kept for a year in a sealed vial, with absolutely no means of sustenance 
whatever, and in unoccupied houses it can undoubtedly undergo fasts 
of extreme length. Individuals obtained from eggs have been kept in 
small sealed vials in this office for several months, remaining active 
and sprightly in spite of the fact that they had never taken any nourish- 
ment whatever. 
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Extraordinary stories are current of the remarkable intelligence of 
this insect in circumventing various efforts to prevent its gaining access 
to beds. Most of these are undoubtedly exaggerations, but the inherited 
experience of many centuries of companionship with man, during which 
the bedbug has always found its host an active enemy, has resulted in 
a knowledge of the habits of the human animal and a facility of con- 
cealment, particularly as evidenced by its abandoning beds and often 
going to distant quarters for protection and hiding during daylight, 
which indicate considerable apparent intelligence. 

The bite of the bedbug is decidedly poisonous to some individuals, 
resulting in a slight swelling and disagreeable inflammation. To such 
persons the presence of bedbugs is sufficient to cause the greatest 
uneasiness, if not to put sleep and rest entirely out of the question. 
With others, however, who are less sensitive, the presence of the bugs 
may not be recognized at all, and, except for the occasional staining of 


Fig. 3.—Bedbug (Cimex lectularius): a, larval skin shed at first molt; 0, second larval stage 
taken immediately after emerging from a; c, same after first meal, distended with blood. 
Greatly enlarged (original). 


the linen by a crushed individual, their presence might be entirely over- 
looked. The inflammation experienced by sensitive persons seems to 
result merely from the puncture of the skin by the sharp piercing sete 
which constitute the puncturing element of the mouth parts, as there 
seems to be no secretion of poison other than the natural fluids of the 
~ mouth. 

The biting organ of the bedbug is exactly like that of other hemip- 
terous insects. It consists of a rather heavy, fleshy under lip (the 
only part ordinarily seen in examining the insect), within which lie 
four thread-like hard filaments or sete which glide over each other with 
an alternating motion and pierce the flesh. The blood is drawn up 
through the beak, which is closely applied to the point of puncture, and 
the alternating motion of the sete in the flesh causes the blood to flow 
more freely. The details of the structure of the beak are shown in fig- 
ure 1 at d. In common with other insects which attack man, it is 
entirely possible for these pests to be transmitters of contagious diseases. 
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Like its allies, the bedbug undergoes an incomplete metamorphosis, 
the young being very similar to their parents in appearance, structure, 
and habit. The eggs (fig. 2, d) are white oval objects, having a little 
projecting rim around one edge, and are laid in batches of from one- 
half dozen to fifty in cracks and crevices where the bugs go for conceal- 
ment. The eggs hatch in a week or ten days, and the young escape by 
pushing the lid within the projecting rim from the shell. At first the 
larvee are yellowish white, nearly transparent, the brown color of the 
more mature insect increasing with the later molts (fig. 3). During 
the course of development the skin is shed five times, and with the last 
molt the minute wing pads characteristic of the adult insect make their 
appearance. <A period of about eleven weeks has been supposed to be 
necessary for the complete maturity of this insect, but we have found 
this period subject to great variation, depending on warmth and food 
supply. Breeding experiments conducted at this office indicate, under 
most favorable conditions, a period averaging eight days between molt- 
ings and between the laying of the eggs and their hatching, giving about 
seven weeks as the period from egg to adult insect. Some individuals 
under the same conditions, however, will remain two to three weeks 
between moltings; and without food, as already shown, they may remain 
unchanged for an indefinite time. Ordinarily but one meal is taken 
between molts, so that each bedbug must puncture its host five times 
before becoming mature and at least once afterwards before it again 
develops eggs. Bedbugs are said to lay several batches of eggs during 
the season and are extremely prolific, as occasionally realized by the 
housekeeper, to her chagrin and embarrassment. 


REMEDIES. 


That the bedbug may be destroyed in houses by fumigating with 
hydrocyanic-acid gas has been fully demonstrated during the last few 
years. The gas penetrates every crevice in the house or room where 
the bedbugs conceal themselves and has an immediate effectiveness 
which gives it an important recommendation, especially when the 
infestation is considerable or of long standing. The gas treatment for 
houses is described in full by Dr. L. O. Howard in Circular 46 of. this 
series. 

The old remedies, which follow, are effective enough, though at a 
greater cost of time and personal effort, yet will often be of service for 
slight infestation or where the employment of the more poisonous 
cyanide is objected to or is impracticable. 

The bedbug, on account of its habits of concealment, is usually 
beyond the reach of powders, and the ordinary insect powders, such as 
pyrethrum, are of practically no avail against it. If iron or brass bed- 
steads are used, the eradication of the insect is comparatively easy. 
With large wooden bedsteads, furnishing many cracks and crevices into 
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which the bugs can force their flat, thin bodies, extermination becomes 
a matter of considerable difficulty. The most practicable way to effect 
this end is by very liberal applications of benzine or kerosene or any 
other of the petroleum oils. These must be introduced into all crevices 
with small brushes or feathers or by injecting with small syringes. 
Corrosive sublimate is also of value, and oil of turpentine may be used 
in the same way. The liberal use of hot water, wherever it may be 
employed without danger to furniture, etc., is also an effectual method 
of destroying both eggs and active bugs. Various bedbug remedies and 
mixtures are for sale, most of them containing one or another of the 
ingredients mentioned, and these are frequently of value. The great 
desideratum, however, in a case of this kind, is a daily inspection of 
beds and bedding and of all crevices and locations about the premises 
where these vermin may have gone for concealment. A vigorous cam- 
paign should, in the course of a week or so at the outside, result in the 
extermination of this very obnoxious and embarrassing pest. 

In the case of rooms containing books, or where liquid applications 
are inadvisable, a thorough fumigation with brimstone is, on the author- 
ity of the late Dr. J. A. Lintner, then New York State entomologist, an 
effective means of destruction. He says: 

Place in the center of the room a dish containing about 4 ounces of brimstone, 
within a larger vessel, so that the possible overflowing of the burning mass may 
not injure the carpet or set fire to the floor. After removing from the room all 
such metallic surfaces as might be affected by the fumes, close every aperture, 


even the keyholes, and set fire to the brimstone. When four or five hours have 
elapsed the room may be entered and the windows opened for a thorough airing. 


The sulphur or brimstone remedy has been used very successfully 
by Dr. C. W. Stiles, of the Bureau of Public Health and Marine- 
Hospital Service, for the disinfection of frame cottages, such as those 
at seaside resorts, where, from neglect, infestation with bedbugs may 
often occur. The treatment is inexpensive compared with the use of 
hydrocyanic-acid gas and offers much less risk of danger to human 
beings. Two pounds of sulphur are recommended for -_ wae 
cubic feet of space, and the buildings should be closed for tr t at 
least twenty-four hours. Sulphur candles may be used where available. 
The precautions indicated in the quotation from Doctor Lintner should 
be observed. 

The fact that the bedbug has a very active enemy in the common 
house cockroach has already been alluded to, and the proof seems to 
be fairly conclusive. Another common insect visitor in houses, and a 
very annoying one also to the careful housekeeper—the little red ant 
(Monomorium pharaonis)—is also known to be a very active and 
effective enemy of the bedbug. Mr. Theo. Pergande, of this office, 
informs me that during the civil war, when he was in the Union army, 
he occupied at one time barracks at Meridian, Miss., which had been 
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abandoned some time before. The premises proved to be swarming 
with bedbugs; but very shortly afterwards the little red house ant dis- 
covered the presence of the bedbugs and came in enormous numbers, 


and Mr. Pergande witnessed the very interesting and pleasing sight of 


the bedbugs being dismembered or carried away bodily by these very 


minute ants, many times smaller than the bugs which they were hand-- 


ling so successfully. The result was that in a single day the bedbug 
nuisance was completely abated. The liking of red ants for bedbugs is 
confirmed also by a correspondent writing from Florida (F. C. M. Bog- 
gess), who goes so far as to heartily reeommend the artificial introduc- 
tion of the ants to abate this bug nuisance (Insect Life, Vol. VI, p. 
340). Bedbugs and other household insects, however, are not of the 
sort which it is convenient or profitable to turn over to their natural 
enemies in the hope that eradication by this means will follow, and the 
fact that they are preyed upon by other insects furnishes no excuse to 
the housekeeper for not instituting prompt remedial measures. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., January 15, 1907. 
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: DIVISION OF ENTOMOLOGY, 
| L. O. HOWARD, Entomologist. 


THE HOUSE CENTIPEDE. 
(Scutigera forceps Raf.) 


By C. L. MARLATT, 
First Assistant Entomologist. 
[Reprint from Bulletin No. 4, New Series, Division of Entomology, U.S, Department of Agricul- 
ture, pp. 47-50. ] 

This centipede (fig. 1), particularly within the last ten or twelve 
years, has become altogether too common an object in dwelling houses 
in the Middle and Northern States for the peace of mind of the inmates. 

Itis a very fragile creature, capable of very ( 
rapid movements, and elevated considerably 
above the surface upon which it runs by \ 
very numerous long legs. It may often be 
seen darting across floors with very great 
speed, occasionally stopping suddenly and 
remaining absolutely motionless, presently 
to resume its rapid movements, often dart- 
ing directly at inmates of the house, par- 
ticularly women, evidently with a desire to 
conceal itself beneath their dresses, and 
thus creating much consternation. The 
creature is not a true insect, but belongs to 
the Myriopoda, commonly known as centi- 
_ pedes or ‘‘thousand legs,” and is sometimes 
called the ‘‘skein” centipede, from the fact 
that when crushed or motionless it looks, 
from its numerous long legs, like a mass of 
filaments or threads. It is a creature of the 
damp, and is particularly abundant in bath- 
rooms, moist closets, and cellars, multiply- 
ing excessively also in conservatories, espe- 
cially about places where pots are stored, 
-and near heating pipes. In houses it will 
often be dislodged from behind furniture or 
be seen to run rapidly across the room, 
meither in search of food.or concealment. If "1%: 1-—Sevtwera forceps: 
{ 5 Adult—natural size (original). 
examined closely its very cleanly habits 
“may occasionally be manifested in that it may be observed to pass 
its long legs, one after another, through its mandibles, to remove 
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any adhering dust. Its rather weird appearance, its peculiar man- 
ner of locomotion, and frequently its altogether too friendly way of 
approaching people, give it great interest, and, with its increasing 
abundance in the North, make it a subject of frequent inquiry. It 
is a Southern species, its normal habitat being in the southern tier 
of States and southwestward through Texas into Mexico. It has— 
slowly spread northward, having been observed in Pennsylvania as 
early as 1849, and reaching New York and Massachusetts twenty — 
or twenty-five years ago, but for many years after its first appear- 
ance in the latter States it was of rare occurrence. It is now very | 
common throughout New York and the New England States, and — 
extends westward well beyond the Mississippi, probably to the 
mountains. | 
It is a very delicate creature, and it is almost impossible to catch | 
it, even should one desire to do so, without dismembering several of 
its numerous legs, or crushing it. If crushed under the foot, as one’s 
first impulse would suggest, nothing remains but a mass of inter- 
-twined limbs, giving it the appearance of a tangle of threads. If 
captured, so that it can be more readily examined, it will be found 
to consist of a worm-like body of an inch or a little more in length, 
armed at the head with a pair of very long, slender antenne, and 
along the sides.wih a fringe of fifteen pairs of long legs. The last 
pair are much longer than the others, in the female more than twice 
the length of the body. In color it is of a grayish yellow, marked 
above with three longitudinal dark stripes. Examination of its 
mouth parts shows that they are very powerful, and fitted for biting, — 
indicating a predatory or carnivorous habit. | 
The indications of its mouth parts are borne out by its food habits, ) 
besides being indicated by the known food habits of the other mem- 
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bers of the group of centipedes to which it belongs. It was inferred, | 
before any direct observations were made, that its food was probably — 
house flies, roaches, and any other insect inhabitants of dwellings. 
Later many direct observations have confirmed this inference, and 
in captivity, on the authority of Professor Hargitt, it feeds readily © 
on roaches, house flies, and other insects. Miss Murtfeldt reports | | 
also having observed specimens devouring small moths. During — 
the act of devouring a moth they kept their numerous long legs © 
vibrating with incredible swiftness, so as to give the appearance of | 
a hazy spot or space surrounding the fluttering moth (Insect Life, | 


Vol. VI, p. 258). Itis supposed also to feed on the bedbug, and 
doubtless will eat any insect which it captures, and its quickness 
and agility leave few insects safe from it. 

Messrs. Fletcher and Howard observed its mode of capturing the 
croton bug, which is interesting as illustrating the habits of this — 
centipede and its allies. In this instance the centipede sprang over. 


| 
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its prey, inclosing and caging it with its many legs. In its habit of 
springing after its prey this centipede is similar to spiders, which it 
also resembles in its rapacious habits. It would therefore seem to 
be a very efficient enemy of many of our house pests. The common 
idea that it probably feeds on household goods and woolens or other 
clothing has no basis in fact. 

The popular belief is that this centipede is extremely poisonous, 
and, as it belongs with the poisonous group of centipedes, it can not 
be questioned but that the bite of the creature is probably somewhat 
poisonous as well as painful, though the seriousness of the results 
will be dependent, as in all similar cases, on the susceptibility of the 
patient. The poison injected in the act of biting is probably merely 


Fic. 2.—Scutigera forceps: a, newly-hatched individual; b, one of legs of 
same; ¢c, terminal segment of body showing undeveloped legs coiled up 
within—all enlarged (original). 


to assist in numbing and quieting its victim, and in spite of its 
abundance in houses in the North, and for many years its much 
greater abundance in the South, very few cases are recorded of its 
having bitten any human being, and it is very questionable whether 
it would ever, unprovoked, attack any large animal. If pressed 
with the bare foot or hand, or if caught between sheets in beds, 
this, like almost any other insect, will unquestionably bite in self- 
defense, and the few such cases on record indicate that severe 
swelling and pain may result from the poison injected. Prompt 
dressing of the wound with ammonia will greatly alleviate the dis- 
agreeable symptoms. 
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Little is known of the early life history of this Myriapod. It is 
found in the adult state in houses during practically the entire year. 
Half-grown individuals are also found frequently during the sum- 
mer. A newly born specimen, found by Mr. H. G. Hubbard in the 
Department Insectary under a moist section of a log, differed from 
the older forms chiefly in possessing fewer legs. Its characteristics 
are indicated in fig. 2. A very interesting feature of this specimen 
is that the terminal segment of the body contains the long posterior 
legs folded up within it as indicated at fig. 2, c. They are doubtless 
liberated at the next moulting. In the half-grown and later stages 
this centipede does not differ materially from the adult, except in 
size, and its habits throughout life are probably subject to little 
variation. 


REMEDIES. 


If it were not for its uncanny appearance, which is hardly calcu- 
lated to inspire confidence, especially when it is darting at one with 
great speed, and the rather poisonous nature of its bite, it would not 
necessarily be an unwelcome visitor in houses, but, on the contrary, 
might be looked upon rather as an aid in keeping in check various 
household pests. Its appearance in dwellings, however, will not 
often be welcome notwithstanding its useful role. It can be best 
controlled by promptly destroying all the individuals which make 
their appearance, and by keeping the moist places in houses free 
from any object behind which it can conceal itself, or at least sub- 
jecting such locations to frequent inspection. In places near water 
pipes, or in storerooms where it may secrete itself and occur in some 
numbers, a free use of fresh pyrethrum powder is to be advised. 


WASHINGTON, D. C., June 10, 1902. 
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[Revised reprint from Bulletin No. 4, New Series, Division of Entomology, U. 8S. Department of 
Agriculture, pp. 76-78. | 


This insect (fig. 1) is often one of the most troublesome enemies of 
books, papers, card labels in museums, and starched clothing, and 
occasionally stored food substances. Its peculiar fish-like form and 


scaly, glistening body, together with its 
very rapid movements and active efforts 
at concealment whenever it is uncover- 
ed, have attached considerable popular 
interest to it and have resulted in its re- 
ceiving anumber of more or less descrip- 
tive popular names, such as silver fish, 
silver louse, silver witch, sugar fish, etc. 
The species named above is the common 
one in England, but also occurs in this 
country, and, like most other domestic 
insects, is now practically cosmopolitan. 
It has a number of near allies, which 
closely resemble it, both in appearance 
and habits. One of these (Lepisma 
(Thermobia) domestica Pack) has cer- 


tain peculiarities of habit which will be 


referred to later. The peculiar appear- 
ance of the common silver fish early 
drew attention to it, and a fairly accu- 
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Fic. 1.—Lepisma saccharina: adult— 
enlarged (original). 


rate description of it, given in a little work published in London in 
1665 by the Royal Society, is interesting enough to reproduce: 


It is a very small, silvery, shining worm or moth which I found much con- 
versant among books and papers, and is supposed to be that which corrodes and 
eats holes through the leaves and covers. It appears to the naked eye a small, 
_ glittering, pearl-colored moth, which, upon the removing of books and papers 
in the summer, is often observed very nimbly to scud and pack away to some 
_ lurking cranny where it may better protect itself from any appearing dangers. 
Its head appears big and blunt, and its body tapers from it toward the tail, 


_ smaller and smaller, being shaped almost like a carret.! 


! Micrographia, R. Hooke, London, 1665. 
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On account of its always shunning the light and its ability to run 
very rapidly to places of concealment, it is not often seen and is most 
difficult to capture, and being clothed with smooth, glistening scales, 
it will ship from between the fingers and is almost impossible to secure ~ 
without crushing or damaging. It is one of the most serious pests 
in libraries, particularly to the binding of books, and will frequently 
eat off the gold lettering to get at the paste beneath, or, as reported 
by Mr. P. R. Uhler, of Baltimore, often gnaws off white slips glued 
on the backs of books. Heavily glazed paper seems very attractive 
to this insect, and it 
has frequently hap- 
pened that the labels © 
in museum collections 
have been disfigured 
or destroyed by it, the 
glazed surface having 
been entirely eaten 
off. In some cases _ 
books printed on hea- 
vily sized paper will 
have the surface of 
the leaves a good deal 
scraped, leaving only 
the portions covered 
by the ink. It will 
also eat any starched 
clothing, linen, or cur- 
tains, and has been 
known to do very se- 
rious damage to silks 
which had probably 
been stiffened with — 
sizing. Its damage in 
houses, in addition to 
its injury to books, 
consists in causing the wall paper to scale off by its feeding on the 
starch paste. It occasionally gets into vegetable drugs or similar | 
material left undisturbed for long periods. It is reported also to eat 
occasionally into carpets and plush-covered furniture, but this is 
open to question. 

The silver fish belongs to the lowest order of insects—the Thysa- 
nura—is wingless, and of very simple structure. It is a worm-like 
insect about one-third of an inch in length, tapering from near the 
head to the extremity of the body. The head carries two prominent | 
antennez, and at the tip of the body are three long, bristle-shaped | 


Fig. 2.—Lepisma domestica: adult female—enlarged (original). 
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appendages, one pointing directly backward and the other two extend- 
ing out at a considerable angle. The entire surface of the body is 
covered with very minute scales like those of a moth. Six legs 
spring from the thorax, and, while not very long, they are powerful 
and enable the insect to run with great rapidity. 

In certain peculiarities of structure, and also in their habits, these 
anomalous insects much remind one of roaches, and their quick, 
eliding movements and flattened bodies greatly heighten this resem- 
blance. More striking than all, however, is the remarkable devel- 
opment of the coxz or basal joints of the legs in the silver fish, 
which finds its counterpart in roaches, and, taken in connection with 
the other features of resemblance, seems to point to a very close 
alliance between the two groups, if, indeed, the silver fish are not 
merely structurally degraded forms of roaches and to be properly 
classed with the Blattide. 

Another of the common silver fishes of this country, referred to 
in the opening paragraph, has developed a novel habit of frequenting 
ovens and fireplaces, and seemingly revels in an amount of heat 
which would be fatal to most other insects. It disports itself in 
numbers about the openings of ranges and over the hot bricks and 
metal, manifesting a most surprising immunity from the effects of 
high temperature. This heat-loving or bake-house species (fig. 33 
was described in 1873 as Lepisma domestica by Packard, who 
reported it to be common about fireplaces at Salem, Mass. This 
species is also very abundant in Washington. What is evidently 
this same insect has become very common, particularly in the last 
year or two, in England and on the Continent, where it manifests 
the same liking for hot places exhibited by it in this country. The 
habit of this species of congregating in bake-houses and dwellings, 
about fireplaces and ovens, has given rise to the common appellation 
for it in’ England of ‘“‘fire-brat.” Similar descriptive names are 
applied to it also on the Continent. This species closely resem- 
bles the common silver fish in size and general appearance, but may 
be readily distinguished from it by the presence on the upper surface 
of dusky markings. It also possesses well-marked structural differ- 
ences, which have led to its late reference to a distinct genus— 
Thermobia. An Italian entomologist, Rovelli, has .described this 
insect under the descriptive name furnorum, from its inhabiting 
ovens, and the name of the genus to which it is now assigned by 
English entomologists is also descriptive of its heat-loving character. 
A Dutch entomologist, Oudemans, reports that he has found it in 
abundance in all bakehouses that he has examined in Amsterdam, 
where it is well known to bakers and has received a number of 
familiar names. 
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REMEDIES. 


Advantage may be taken of the liking of these insects for fabrics 


and other articles containing starch to poison them by slipping into — 


all the crevices where they occur—in bookshelves and backs of 
mantels, under washboards, and in the bottoms of drawers—bits of 
cardboard on which a thick boiled starch paste liberally poisoned 
with arsenic has been spread and dried. One of our correspondents 


reports complete relief by this measure. The silver fish readily | 
succumbs to pyrethrum, and wherever this can be applied, as on | 


book shelves, it furnishes one of the best means of control. For 
starched clothing and similar objects liable to be injured by it, fre- 
quent handling and airing and the destruction by hand of all speci- 


mens discovered is to be recommended, in addition to the poisoned | 
cardboard remedy. Little damage is liable to occur in houses except _ 


in comparatively moist situations or where stored objects remain 
undisturbed for a year or more. 


WASHINGTON, June 20, 1902. 
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THE WHITE ANT. 
| (Termes flavipes Koll.). 


By C. L. MARLATT, 
Entomologist and Acting Chief in Absence of Chief. 


No insect occurring in houses is capable of doing greater damage than 
the one under consideration. Its injuries are often hidden until the 
damage is beyond repair, and as it affects the integrity of the building 
itself as well as its contents, the importance of the insect becomes very 
evident. Fortunately it is not often present in the North in houses, 


Fic. 1.—Termes flavipes: a, Adult male; 5, terminal abdominal segments of same from below; 
ce, same of female; d, male, side view, somewhat inflated by treatment with ammonia; e, abdo- 
men of female, side view; f, tarsus, showing joints and claw; a, d, e, enlarged; b,c, f, greatly 
enlarged (original). 


but as the Tropics are approached the injuries from it in dwellings or 
other structures of wood are of common experience and often of the 
“most serious nature, causing the sudden crumbling of bridges and 
wharves and settling of floors or buildings. 
im lhe term ‘‘ white ant,’’ by which this insect is universally known, is 
entirely inappropriate in so far as it indicates any relationship with the 
‘true ants. Strictly speaking, the white ant is not an ant, but a neurop- 
teroid insect belonging to the order Isoptera and is allied to the book 
lice and stone flies. The only analogy with ants is in superficial resem- 
| blance and in the social habits of the two groups, in which great simi- 
larity exists. The popular acquaintance with the termite or white ant 
is mainly derived from witnessing its nuptial spring flight, when the 
3mall brown, ant-like creatures with long glistening white wings emerge 
“som cracks in the ground or from crevices in buildings, swarming out 


serietimes in enormous numbers, so that they may often be swept up 
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by the quart. These winged individuals are not the ones which do the 
damage, but are the colonizing form. The real depredators are soft- 
bodied, large-headed, milky white insects, less than a quarter of an inch 
in length, which may often be found in numbers under rotting boards 
or in decaying stumps. These last are the workers and soldiers (fig. 4, 
c and d), and constitute the bulk of the colony for most of the year, the 
winged migrating forms, consisting of the sexed individuals, appearing 
normally only once a year, usually in April or early in May. 

The white ants present, in an entirely distinct order of insects, 
another of those most curious problems of communal societies which 
find so many examples among the ants, bees, and wasps. A colony of 
white ants includes workers, soldiers, the young of the various forms, 
and, at the proper season of the year, the winged males and females; 
also a single parent pair, the specially developed king and queen. In 
the case of the common white ant of this country (Termes flavipes), the 
fully developed queen or mother of the colony, swollen to great size by 
her enormous ovary development, and her consort, the fully developed 
but much smaller king or male, have never been found in the white ant 
communities, and this in spite of the great numbers of the flying stage of 
both sexes that appear everyspring. The soldiers or workers are degraded 
or undeveloped individuals of both sexes, differing in this respect from 
ants and bees, in which the workers are all undeveloped females. 

The economy of the termites is almost exactly analogous to that of 
the ants and bees. The workers attend to all the duties of the colony, 
make the excavations, build the nests, care for the young, and protect 
and minister to the wants of the queen or mother ant. In this they are 
assisted somewhat by the soldiers, whose duty, however, is also pro- 
tective, their enormous development of head and jaws indicating their 
role as the fighters or defenders of the colony. Both the workers and 
soldiers are blind. The colonizing individuals differ from the others in 
being fully developed sexually and in the possession of very long wings, 
which normally lie flat over each other, the upper wings concealing the 
lower and both projecting beyond the abdomen. These wings have a 
very peculiar suture near the base, where they can be readily broken 
off, leaving mere stumps. At the time of the spring flight the winged 
individuals emerge from the colony very rapidly, frequently swarming 
in clouds out of doors, and after a short flight fall to the ground and 
very soon succeed in breaking off their long clumsy wings at the suture 
referred to. In this swarming or nuptial flight they come out in pairs, 
and under favorable conditions each pair might become especially 
developed, as described above, and establish a new colony, but in point 
of fact this probably rarely happens. They are weak flyers, clumsy, and 
not tapable of extensive locomotion on foot, and are promptly preyed 
upon and destroyed by many insectivorous animals, so that rarely indeed 


do any of the individuals escape. 
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Theoretically, if one of these pairs succeeded in finding a decaying 
stump or other suitable location at hand, they would enter it, and the 
king and queen, being both active, would attend to the wants of the 
new colony and superintend the rearing of the first brood of workers 
and soldiers, which would then assume the laborious duties of the 
young colony. Thereafter the queen, being constantly and liberally 
fed and kept absolutely inactive, would increase immensely, her abdo- 
men becoming many hundred times its original size. She would prac- 
tically lose the power of locomotion and become a mere egg-laying 
machine of enormous capacity. Allied species whose habits have been 
studied in this particular indicate an egg-laying rate of 60 per minute, 
or something like 80,000 per day. 

In the absence of a queen, however, white ants are able to develop 
from a very young larva or nymph of what would otherwise become 
a winged female what is known as a supplementary queen, which is 
never winged and never leaves the colony. This supplementary queen 


Fic. 2.—Termes flavipes: a, Head of winged female viewed from above; b, same from below, with 
mouth parts opened out. Greatly enlarged (original). 

(fig. 4, a), for the discovery of which we are indebted to the late H. G. 
Hubbard, is smaller than the perfect sexed queen, but subserves all the 
needs of the colony in the matter of egg laying, and is the only parent 
insect so far found in the nests of the common white ant in this coun- 
try. Whether a true queen exists or not is, therefore, open to question; 
if not, all the individuals which escape in the spring and summer migra- 
tions must perish, and this swarming would, therefore, have to be con- 
sidered a mere survival of a once useful feature in the economy of this 
insect, now no longer, or rarely, of service. 

The normal method of the formation of new colonies is probably 
by the mere division or splitting up of old ones—their galleries and 
branch colonies extending great distances from the home colony—or 
through the carrying of infested logs or timbers from one point to another. 

These curious insects have a very simple development. There is 
scarcely any metamorphosis, the change from the young larva to the 
adult being very gradual and without any marked difference in struc- 
ture. They feed on decaying wood or vegetable matter of any sort, 


and are able to carry their excavations into any timbers which are 
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moistened, or into furniture, books, or papers stored in rooms which 
are at all moist. Their food is the finely divided material into which 


they bore, and from which they seem able to extract a certain amount — 


_ of nourishment, probably from the molds and ferments generated in the 
moistened vegetable substance, since they redevour the same material 
several times. Bearing out this theory, tropical species are known to 
grow mushroom beds artificially on the product of which they largely 
subsist. The white ants are also somewhat cannibalistic, and will 
devour the superfluous members of the colony without compunction, 
and they normally consume all dead individuals, cast skins, and other 
refuse material. They are capable also of exuding a sort of nectar, 
which is used to feed the young and the royal pair, and which they 
also generously give to one another. 

All except the migrating winged forms are incapable of enduring full 
sunlight, and the soft, delicate bodies of the workers, soldiers, and 
young rapidly shrivel when exposed. In all their operations, therefore, 
they carefully conceal themselves, and in their mining of timbers or 
books and papers the surface is always left intact ; whenever it is neces- 
sary for them to extend their colonies it is done only under the protection 
of covered runways, which they construct*of particles of comminuted 
wood or little pellets of excrement. In this way the damage which they 
are doing is often entirely hidden, and not until furniture breaks down 
or the underpinning and timbers of houses or floors yield is the injury 
recognized. The swarming of winged individuals in the early summer, 
if in or about houses, is an indication of their injurious presence and war- 
rants an immediate investigation to prevent serious damage later on. 

The common termite of America is very widespread, occurring from 
the Atlantic to the Pacific and from Canada southward to the Gulf. 
It has been found on the mountains of Colorado and Washington 
at a height of over 7,000 feet. In prairie regions it may often be seen 
during the swarming season issuing from the ground at frequent 
intervals over large pasture tracts, where it must feed on the roots of 
grass and other herbage. It has also been carried to other countries and 
is a common and often very injurious enemy of buildings and libraries 
in Europe. A closely allied and equally injurious European species 
(Termes lucifugus) has also been brought to this country in exchange 
for ours, but compared with our own species it is somewhat rare though 
already widely distributed. In this country serious damage to build- 
ings from the white ant has not been of common occurrence, especially 
in the North, except in some notable instances. In Europe our species 
has caused greater damage, and some years ago gained access to one of 
the Imperial hothouses at Vienna, and in spite of all efforts to save the 
building it was necessary ultimately to tear it down and replace it with 
an iron structure. In this country instances are on record of very 
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serious damage to books and papers. An accumulation of books and | 


AG 


12 


| 


5 


papers belonging to the State of Illinois was thoroughly ruined by their 
attacks. A school library in South Carolina, which had been left closed 
for the summer, was found on being opened in the autumn to be com- 
pletely eaten out and rendered valueless. In the Department of Agri- 
culture an accumulation of records and documents stored in a vault not 
perfectly dry, and allowed to remain undisturbed for several years, on 
examination proved to be thoroughly mined and ruined by white ants. 
Humboldt, on the authority of Hagen, accounts for the rarity of old books 
in New Spain by the frequency of the destructive work of these insects. 

Numerous instances of damage to underpinning of buildings and to 
timbers are also on record. The flooring of one of the largest sections 
of the United States National Museum was for some years annually 
undermined and weakened by a very large colony of these pests which 
could not be located, and finally the 
authorities solved the problem by re- 
placing the wood floor with one of 
cement. A few years ago it was found 
necessary to tear down and rebuild 
three frame buildings in Washington 
in consequence of the work of this 
insidious foe, and renewal of founda- 
tion timbers or replacing with arti- 
ficial stone is often called for. 

Damage of the sort mentioned has | 
occurred as far north as Boston, but, ie. 3.—Termes flavipes: a, Newly hatched 
Sepeabeds areal ly incereasessac,.one © 12!Y4 &, same from below; ¢ eae. All 

enlarged (original). 

approaches the Tropics, where the 

warmth and moisture are especially suited to the development and 
multiplication of this insect. There houses and furniture are never safe 
from attack. The sudden crumbling into masses of dust of chairs, 
desks, or other furniture, and the mining and destruction of collections 
of books and papers, are matters of common experience, very little hint 
of the damage being given by a surface inspection, even when the 
interior of timbers or boards has been thoroughly eaten out, leaving a 
mere shell. 

While confining their work almost solely to moistened or decaying 
timbers or vegetable material of any sort, and books and papers that 
are somewhat moist, termites are known to work also in living trees, 
carrying their mines through the moist and nearly dead heartwood. In 
this way some valuable trees in Boston were so injured as to make 
their removal necessary. In Florida these insects have been the cause of 
considerable damage to newly planted groves of orange trees, working 
around the crowns and in the roots. The damage has been chiefly 
noted in recent clearings where a good deal of rotten wood still remained 


in the soil, this accounting for their presence. These insects are some- 
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times also the occasion of considerable injury to other trees; and quite 
recently the writer received information of injurious attacks on pecan, 
chestnut, and walnut trees at Augusta, Ga. They also cause loss in 
conservatories, attacking cuttings and the roots of plants. Such injuries 
have been brought to our notice several times by florists, and Mr. 
Chittenden, of this office, informs me that white ants are apt to attack 
the large stems of herbaceous plants like geraniums. In greenhouses 
the termites usually originate in the more or less decayed woodwork of 
the building itself or the plant benches, and they have even been found 


Fig. 4.—Termes flavipes: a, Queen; b, nymph of winged female; c, worker; d, soldier. All 
enlarged (original). 
working in label sticks, the removal of which gave relief from the dam- 
age done to plants. In one instance, also, the termites, coming from 
the wooden benches, entered potted plants through the drain hole of — 
the pots. In prairie regions their work is necessarily on the roots and 
tubers of plants or the stems of grasses or other low-growing plants. 

A very common form of injury to potatoes growing in rich soil or 
where there is a considerable quantity of decaying vegetable matter has 
often been noted, and the cause for it has been obscure or assigned to 
insects innocent of the damage. That the white ant is the culprit in 
this case was discovered by Mr. F. A. Marlatt, who describes the injury 
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to the tubers as having the form of scars or pits covering the surface, 
the pits varying in shape from irregular holes to long, irregular excava- 
tions sometimes extending far into the potato, but commonly to a 
‘depth of from an eighth to a fourth of an inch. In all cases these pits 
are more or less overhung and covered by the dead and dying skin, and 
‘are also lined with the cellular tissue of potato, showing that the insect 
‘eares most for the starch and water of the tuber. Such damage may 
‘occur not only in soil rich in vegetable matter but also in newly cleared 
‘soil or soil containing the loose and decayed portions of trees, and in 
the instance cited above was in soil from which an old apple orchard 
had recently been cleared. 


PREVENTIVES. 

White ant infestation of houses is probably always from an outside 
‘source. The queen chamber and breeding center of the colony may be 
and usually is remote from the building, but the workers construct 
‘minute galleries or tunnels through the ground and go long distances in 
‘search of moist and decaying wood. Their entrance to buildings is 
gained through some of these soil channels by way of wooden beams or 
joists sunk in concrete in the foundations of the buildings, or the sup- 
ports of porches or other parts of the edifice which come in contact with 
‘the soil. The fact that the beams or joists of the basement are entirely 
inclosed or imbedded in concrete is only a partial protection. In the 
settling of the house concrete is almost sure to crack, allowing avenues 
of ingress, and the beams and joists put down in the moist material 
soon partially decay and become exceptionally good breeding places; 
from such beams the white ants carry their burrows up through the 
timbers to the first and even second floors. To be on the safe side, 
therefore, the foundations of buildings should be entirely of brick, stone, 
or concrete, including the basement floor, and especially should this 
method of construction be followed in tropical and subtropical regions. 

In the case of old buildings not constructed in this way considerable 
protection can be gained by surrounding them with clear spaces and 
graveled or asphalted walks, and looking after the prompt removal of 
any decaying stumps or partially rotted posts that may be in adjacent 
'grounds. Complete dryness is an important means of rendering build- 
ings safe from attack. Books and valuable documents should not be 
packed away in unventilated chambers where they may become moist 
and moldy, and are then particularly subject to attack by white ants, 
which are very likely to be present in old buildings even though their 
‘work has not been sufficient to bring them into special notice. 

Impregnation with creosote renders wood comparatively immune 
‘from the attacks of white ants, and in regions where injury is to be 
‘anticipated it would be well to use wood so treated wherever it comes 
in contact with the ground. A heavy coating of foundation timbers 


i with tar is often resorted to, and this protects the wood as long as the 
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coating is intact. Certain woods, also, are fairly immune, and of these 
the redwood of California is most accessible and seems to have a good 


record. Capt. Geo. P. Ahearn, U. S. Army, reports that California 


redwood has been used for more than twenty-five years in the Philip- 
pines, and has never been known to be injured by white ants. Its use 
in Manila is very general, especially for the construction of cabinets, 
filing cases, etc., where it is desirable to protect valuable papers from 
these insects. 

In the Tropics household furniture, such as stands and bureaus, not in 
daily use can be protected by placing the legs in small vessels contain- 
ing oil. Furniture, furthermore, should not lean against or touch walls, 
especially in houses of wood, and frequent examinations should be 
made of libraries and of stored papers. 


REMEDIES. 


The presence of flying termites in a building at any time in the spring 
or summer should be followed immediately by a prompt investigation 
to determine the extent of the infestation and the possibilities of fur- 
ther damage. The point of emergence of winged individuals may 
approximately, though not always, indicate the location of the infested 
timbers, and if these can be replaced injury may be checked, or, under 
favorable circumstances, stopped. In some cases thorough and repeated 
drenching of infested timbers, where accessible, with kerosene or some 
other petroleum oil will afford relief, but probably will not stop entirely 
the work of the termites, which, as indicated under the heading of 
‘’ Preventives,’’ are constantly recruited from some central colony 
probably distant from the building. The destruction of winged indi- 
viduals as they emerge is of no value whatever. Where the injury is 
confined to books and papers or exposed woodwork and furniture, 
hydrocyanic-acid gas fumigation is to be recommended, exposing if 
possible also, by opening up floors, the infested joists beneath, and 
spreading out the books and opening cases and wardrobes. For descrip- 


tion of the use of hydrocyanic-acid gas see Circular No. 46 of this series. — 


It is very rarely possible to find and destroy the external colony, and if 
the remedies noted are not feasible or prove ineffective there is no other 
course but to replace the foundation of the buildings with walls and 
floorings of stone, concrete, or other form of rock composition. In the 
case of the National Museum building in Washington and several pri- 
vate edifices this course was finally adopted, with the result that white 
ants were completely excluded and their work terminated. 


Approved : 
JAMES WILSON, 
Secretary of Agriculture. 
WASHINGTON, D. C., December 30, 1907. Free 
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Roaches are among the commonest and most offensive of the insects 


which frequent human habitations. They were well known to the 


ancients, who called them lucifuga, from their habit of always shun- 
ning the light. The common English name for them, or, more prop- 


Fig. 1.—The American roach ( Periplaneta americana): a, View from above; b,from beneath. Both 
enlarged one-third (original). 


erly, for the common domestic English species, is ‘“ black beetle.’”’ In 
America this name has not been adopted to any extent for this insect, 
which was early introduced here, and the term “‘‘roach,”’ or ‘‘ cock- 
roach,”’ is the common appellation of all the domestic species. The 
little German roach, however, is very generally known as the Croton 
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bug, or water bug, from its early association with the Croton water- 
works system in New York City. The popular designations of this 


insect in Germany illustrate in an amusing way both sectional and — 


racial prejudices. In north Germany these roaches are known as 
‘* Sechwaben,’’ a term which applies to the inhabitants of south Ger- 
many, and the latter section retaliates by calling them “ Preussen,”’ 


after the north Germans. In east Germany they are called ** Russen,’’ 


and in west Germany “‘ Franzosen,’’ the two latter appellations indi- 


cating a certain national antipathy to rival countries as well as a fanci- 


ful idea as to origin. Still other names are “‘ Spanier,’’ dating from 
the time of Charles V, and “‘ Dine,’’ from Denmark. 


DISTRIBUTION AND HISTORY. 


The roaches belong to a very extensive family, the Blattide, com- 
paratively few of which, fortunately, have become domesticated. In 
temperate countries some four or five species are very common house- 
hold pests, and a few occur wild in the woods; but they are essentially 
inhabitants of warm countries, and in the Tropics the house species 
are very numerous, and the wild species occur in great number and 
variety, many of them being striking in shape, coloration, and size, one 
species expanding more than 6 inches. The inability of the domestic 
roaches to withstand unusual cold was illustrated by the fact that the 
severe weather in the winter of 1894 in Florida, which was so destruc- 
tive to the citrus groves, on the authority of Mr. H. G. Hubbard 
destroyed all the roaches, even those in houses, except a few unusually 
well protected. Under suitable conditions in the more northern lati- 
tudes the domestic species often multiply prodigiously, and even in 
the far north a species occurs in the huts of the Laplanders, and some- 
times entirely devours the stores of dried fish put away for winter 
consumption. 

While the domestic species are few in number, nearly 9 ‘housand 
species of Blattidaee have been described and preserved «1 ns, 
and it is estimated that perhaps upward of 5,000 spec . a at the 
present time in different parts of the world. The great ».ajority of the 
roaches live outdoors, and in warm countries have the reputation of 
living on plants and sometimes being very injurious. This belief has 
been recently questioned by Mr. J. G. O. Tepper, of South Australia, 
who states that in his experience these insects are eminently carnivo- 
rous, feeding on caterpillars and other soft-bodied insects, and that with 
the increase of certain species in his gardens, notably Hpilampra nota- 
bilis, ‘the herbivorous larvee disappear rapidly.’ Mr. Tepper points 
out that the injury to plants occasionally noted where roaches are 
abundant may very possibly be due to other insects or to snails which 
again have attracted the roaches and on which the latter feed. That 
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roaches will eat fruits and the starchy tubers and other products of 
plants is a common observation, but that they ever subsist on the green 
foliage of plants may be open to doubt. 

The roach is one of the most primitive and ancient insects, in the 
sense of its early appearance on the globe, fossil remains of roaches 
occurring in abundance in the early coal formations, ages before the 
more common forms of insect life of the present day had begun to 
appear. The species now existing are few in number in comparison 
with the abundance of forms in the Carboniferous age, which might 
with propriety be called the age of cockroaches, the moisture and 
warmth of that distant period being alike favorable to plant growth 
and to the multiplication of this family of insects. 

The house roaches of to-day were undoubtedly very early associated 
with man in his primitive dwellings, and through the agency of com- 
merce have followed him wherever navigation has extended. In fact, 
on shipboard they are always especially numerous and troublesome, 
the moisture and heat of the vessels being particularly favorable to 
their development. It is supposed that the common Oriental cock- 
roach, or so-called “ black-beetle,’’ of Europe (Blatta orientalis L.), 
is of Asiatic origin, and it is thought to have been introduced into 
Europe in the last two or three hundred years. The original home of 
this and the other common European species (Blattella germanica L.) 
is, however, obscure, and in point of fact they have probably both been 
associated with man from the earliest times, and naturally would come 
into the newly settled portions of Europe from the older civilizations 
of Asia and Egypt. 

Of the other two domestic species especially considered in this 
paper, the Australian roach (Periplaneta australasiw Fab.), as its name 
implies, is a native of Australia, and the American roach (P. ameri- 
cana L.), of subtropical and tropical America. 

Rarely do two of the domestic species occur in any numbers together 
‘in the same house. Often also of two neighboring districts one may be 
infested with one species, while in the other a distinct species is the 
commoner one. The different species are thus seemingly somewhat 
antagonistic, and it is even supposed that they may prey upon one 
another, the less numerous species being often driven out. 


STRUCTURAL CHARACTERISTICS. 


Although among the oldest insects geologically, roaches have not 
departed notably from the early types, and form one of the most per- 
sistent groups among insects. The house species are rather uniformly 
dark brown or dark colored, a coloration which corresponds with their 
habit of concealment during daylight. They are smooth and slippery 
insects, and in shape broad and flattened. The head is inflexed under 
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the body, so that the mouth parts are directed backward and the eyes — 
directed downward, conforming with their groveling habits. The | 
antenne are very long and slender, often having upward of 100 joints. | 
The males usually have two pairs of wings, the outer ones somewhat 
coriaceous and the inner ones more membranous and once folded | 
longitudinally. In some species, as, for instance, the black beetle, the 
females are nearly wingless. The legs are long and powerful and | 
armed with numerous strong bristles or spines. The mouth parts are | 
well developed and have strong biting jaws, enabling these insects to | 
eat all sorts of substances. | 

HABITS. 


\ 
| 


In houses roaches are particularly abundant in pantries and kitchens, 
especially in the neighborhood of fireplaces, on account of the heat. 
For the same reason they are often abundant in the oven rooms of 
bakeries or wherever the temperature is maintained above the normal. 
They conceal themselves during the day behind baseboards, furniture, 
or whatever security and partial protection from the light are afforded. 
Their very flat, thin bodies enable them to squeeze theniselves into | 
small cracks or spaces where their presence would not be suspected 
and where they are out of the reach of enemies. Unless routed out by 
the moving of furniture or disturbed in their hiding places, they are 
rarely seen, and ifso discovered, make off with wonderful celerity, with a 
scurrying, nervous gait, and usually are able to elude all efforts at their 
capture or destruction. It may often happen that their presence, at least | 
in the abundance in which they occur, is hardly realized by the house- | 
keeper, unless they are surprised in their midnight feasts. Coming into | 
a kitchen or pantry suddenly, a sound of the rustling of numerous 
objects will come to the ear, and if a light be introduced, often the floor 
or shelves will be seen covered with scurrying roaches hastening to 
places of concealment. Jm districts where the large American roach 
occurs they sometimes swarm in this way at night in such numbers | 
that upon entering a small room in which they are congregated on 
will be repeatedly struck and scratched on the face and hands by th» 
insects in their frantic flight to gain concealment. 

The black roach is less active and wary than the others, and partic 
ularly the German roach, which is especially agile and shy. 

The domestic roaches are practically omnivorous, feeding on almo;’ 
any dead animal matter, cereal products, and food materials of a) 
sorts. They are also said to eat their own cast skins and egg cases, | 
and it is supposed that they will attack other species of roaches, or ar«, 
perhaps, occasionally cannibalistic. They will also eat or gnaw woo.- 
ens, leather (as of shoes or furniture), and frequently are the cause of 
extensive damage to the cloth and leather bindings of books in librar es © 
and publishing houses. The sizing or paste used on the cloth coyr: | 
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and in the binding of books is to them very attractive. The surface of 
the covers of cloth-bound books is often much scraped and disfigured, 
particularly by the German cockroach (Blattella germanica), and the 
gold lettering is sometimes eaten off to get at the albumen paste. On 
shipboard the damage is often very extensive, on account of the vast 
numbers of cockro6aches which frequently occur there, and we have 
reliable accounts of entire supplies of ship biscuits having been eaten 
up or ruined by roaches. 

The damage they do is not only in the products actually uandes 
but in the soiling and rendering nauseous of everything with which 
they come in contact. They leave, wherever they occur in any num- 
bers, a fetid, nauseous odor, well known as the “‘roachy’’ odor, which 
is persistent and can not be removed from shelves and dishes without 
washing with soap and boiling water. Food supplies so tainted are 
beyond redemption. This odor comes partly from the excrement, but 
chiefly from a dark-colored fluid exuded trom the mouth of the insect, 
with which it stains its runways; and also in part, doubtless, from the 
scent glands, which occur on the bodies of both sexes between certain 
segments of the abdomen, and which secrete an oily liquid possessing 
a very characteristic and disagreeable odor. It frequently happens 
that shelves on which dishes are placed become impregnated with this 
roachy odor, and this is imparted to and retained by dishes to such an 
extent that everything served in them, particularly liquids, as coffee or 
tea, will be noticed to have a peculiar, disgusting, foreign taste and 
odor, the source of which may be a puzzle, and will naturally be sup- 
posed to come from the food rather than from the dish. 

The roaches are normally scavengers in habit and may at times be 
of actual service in this direction by eating up and removing any dead 
animal material. 

One other redeeming trait has been recorded of them, namely, that 
they will prey upon that other grievous pest of houses which are not 
subjected to careftl supervision, the bedbug. Their habits in this 
direction have been recorded several times. One writer, in a narrative 
of a voyage (Foster’s Voyage, Vol. I, p. 873), makes the following 
statement in this connection: 

Cockroaches, those nuisances to ships, are plentiful at St. Helena, and yet, bad 
as they are, they are more endurable than bugs. Previous to our arrival here 
in the Chanticleer, we had suffered great inconvenience from the latter, but the 
cockroaches no sooner made their appearance than the bugs entirely disappeared. 


The fact is that the cockroach preys upon them and leaves no sign or vestige of 
where they have been. So that it is a most valuable insect.! 


The cockroach is, however, far too much of a nuisance itself to war- 


aeroc. Put. Soc. Lond., 1865, N. 8. 3, p.. 77. 
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rant its being recommended as a means of eradicating even.the much 
more disagreeable insect referred to. | 

The local spread of roaches from house to house is undoubtedly 
often effected by their introduction with supplies, furniture, goods, — 
etc. That the Croton bug, or German roach, and probably the other 
species also, may develop a migratory instinct has been witnessed by 
Doctor Howard and the writer in Washington. (See Insect Life, Vol. 
Vil». 3494 

This very interesting instance of what seems to have been a true 
migration, in which an army of thousands of roaches by one common 
impulse abandoned their old quarters and started on a search for a 
more favorable location, illustrates, as pointed out by Doctor Howard, 
what is probably of frequent occurrence under the cover of darkness, 
and accounts for the way in which new houses frequently become sud- 
denly overrun with these vermin. 


TRANSFORMATION. 


The roach in its different stages from egg to adult shows compara- 
tively little variation in appearance or habits. The young are very 
much like the adults, except in point of size and in lacking wings, if 
the latter be winged in the adult state. In their mode of oviposition 
they present, however, a very anomalous and peculiar habit. The 
eggs, instead of being deposited separately, as with most other 
insects, are brought together within the abdomen of the mother into 
a hard, horny pod or capsule which often nearly fills the body of the 
parent. This capsule contains a considerable number of eggs, the 
number varying in the different species, arranged in two rows, the 
position of the eggs being indicated on the exterior of the capsule by - 
transverse lateral impressions. When fully formed and charged with 
eggs the capsule is often partly extruded from the female abdomen 
and retained in this position sometimes for weeks, or until the young 


1The following interesting letter from Mr. Herbert H. Smith, the collector 
and naturalist, gives a vivid picture of the roach nuisance in the Tropics: 


Cockroaches are so common in Brazilian country houses that nobody pays 
any attention to them. They have an unpleasant way of getting into provision _ 
boxes, and they deface books, shoes, and sometimes clothing. Where wall paper | 
is used they soon eat it off in unsightly patches, no doubt seeking the paste | 
beneath. But at Corumba, on the upper Paraguay, I came across the cockroach 
in a new role. In the house where we were staying there were nearly a dozen 
children, and every one of them had their eyelashes more or less eaten off by 
cockroaches—a large brown species, one of the commonest kind throye os 
Brazil. The eyelashes were bitten off irregularly, in some cases quite close to_ 
the lid. Like most Brazilians, these children had very long, black eyelashes, 
and their appearance thus defaced was odd enough. The trouble was confined 
to children, I suppose because they are heavy sleepers and do not disturb the 
insects at work. My wife and I sometimes brushed cockroaches from our faces 
at night, but thought nothing more of the matter. The roaches also bite off 
bits of the toe nails. Brazilians very properly encourage the large house spiders, _ 


because they tend to rid the house of other insect pests. | 
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arvee are ready to emerge. The capsule is oval, elongate, or some- 
)what bean shaped, and one of its edges is usually serrate. The young 
are in some instances assisted to escape by the parent, who with her 
‘feet aids in splitting the capsule on the serrate edge to facilitate their 
exit. On hatching, it is said the young are often kept together by the 
‘parent and brooded over and cared for, and at least a colony of young 
twill usually be found associated with one or two older individuals. 
|These insects are more or less gregarious, notably so in the case of the 
(black beetle of Europe and to a less extent with the German and 
‘American roaches. 

1 They pass through a variable number of molts, sometimes as many 
jas seven, the skin splitting along the back and the insects coming out 
jwhite, soft, but rapidly hardening and 
jassuming the normal color. Some 
jastounding statements have been made 
Jas to the length of time required for the 
|development of the roach from the egg to Bs 
Bee adult. our or five years have been re. 2—Kez-capsule of Periplaneta 
Meet to bemmcecceary tor an individual to. - @77e"s: @ Side; b, end view. 
. Natural size indicated by outline 
each full growth; but more recent breed- —_feure (original) 

\Ing experiments have not altogether con- 

firmed these statements. Their development, however, is unquestion- 
jably slow, and probably under the most favorable conditions rarely is 
more than one generation per year produced. In colder countries the 
breeding and growth are practically restricted to the warm season. 
‘During the winter months they go into concealment and partial hiber- 
nation. Blattella germanica has been shown to reach full growth in a 
variable period of from four and a half to six months (Hummel, Essais 
‘Entomologiques, No. 1, St. Petersburg, 1821). The common Ameri- 
‘ean roach (Periplaneta americana) has been carried from the egg to 
‘the adult state in our insectary. Young hatching July 11 from an egg 
lease received from Eagle Pass, Tex., reached the adult stage between 
‘March 14 and June 12 of the following year, indicating a period of 
nearly twelve months for complete development. The rate of growth 
of the roach undoubtedly depends very largely on food and tempera- 
‘ture, and under unfavorable conditions the time required for develop- 
‘ment may undoubtedly be vastly lengthened. The abundance of 
‘roaches is, therefore, apparently not accounted for so much by their 
‘rapidity of multiplication as by their unusual ability to preserve them- 
) Selves from ordinary means of destruction and by the scarcity of natural 
enemies. 

THE COMMON DOMESTIC ROACHES. 


The four roaches which have been made the subject of illustrations 


|Tepresent the species which occur most commonly in houses, bakeries, 
) 
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or on shipboard. The numerous tropical house species, many of which 
are perhaps only partially domesticated, and the subarctic roach of 
high altitudes and of the extreme north have been omitted. 

The American roach (Periplaneta americana) (fig. 1) is the native | 
or indigenous species of this continent, originating, it is supposed, in — 
tropical or subtropical America. ) 

The ancient and rather quaint account of this insect! quoted i 
in a footnote indicates that this species early came to the notice of our 
forefathers. Its domesticity doubtless resulted from ages of associa- 
tion with the aborigines. It has now become thoroughly cosmopolitan, 
and is unquestionably the most injurious and annoying of the species 
occurring on vessels. It is sometimes numerous also in greenhouses, 
causing considerable injury to tender plants. It is a notorious house 
pest and occasionally vies with the German roach in its injuries to book 
bindings. One of the most serious cases of injury of this sort was, 
reported by the Treasury Department. The backs, sometimes entirely, 
of both cloth and leather-bound books were eaten off to get at the 
starchy paste used in the binding. (Insect Life, Vol. 1, pp. 67-70.) 

This roach is very abundant in the Middle and Western States, where 
until recently it has been practically the only troublesome house species. 
In the East it is not often so common as are one or other of the follow- 
ing species and especially germanica. In foreign countries it has not 
become widespread and is largely confined to seaport towns. In size 
it is larger than any of the other domestic species, and it is light brown] 
in color, the wings being usually long, powerful, and well developed in 
both sexes. 

The Australian roach ( Periplaneta australasie) resembles very closely 
the last species, but differs strikingly in the brighter and more definitely 
limited yellow band on the prothorax and in the yellow dash on the 
sides of the upper wings (see fig. 3). In the United States it is the 
most abundant and troublesome species in Florida and some of the 
other Southern States. It is already practically cosmopolitan. 

The Oriental cockroach, or black beetle (Blatta orientalis), is 
the common European and particularly the English species, and is 
notable for the fact that the female is nearly wingless in the —- 


1 The cockroach.—These are very troublesome and destructive vermin, and ar 
so numerous and voracious that it is impossible to keep Victuals of any kind 
from being devoured by them without close covering. They are flat, and so 
thin that few chests or boxes can exclude them. They eat not only leather, 
parchment, and woollen, but linen and paper. They disappear in Winter an 
appear most numerous in the hottest days in Summer. It is at night they com 
mit their depredations, and bite people in their beds, especially children’ 
fingers that are greasy. They lay innumerable eggs, creeping into the holes of 
old walls and rubbish, where they lie torpid all the Winter. Some have wings 
and others are without—perhaps of different Sexes. (Catesby: Nat. Hist. Caro- 
lina, 1748, Vol. II, p. 10.) . 
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‘state. The wings of the male also are shortened, not reaching to the 


/extremity of the body. In color it is very dark brown, almost black, 
‘shining, and rather robust, much stouter than the other species, making 
‘its English name of “‘black beetle’? quite appropriate. This species 
is notably gregarious in habit, individuals living together in colonies in 
‘the most amicable way, the small ones being allowed by the larger 
‘ones to sit on them, run over them, and nestle beneath them without 
“any resentment being shown. This species was a common and trouble- 
‘some pest in the British Colonies early in the eighteenth century, 


Fig. 3.—The Australian roach (Periplaneta australasie): a, Male with spread 
wings; b, female; c, pupa. All life-size (original). 
although unknown at the same time in the French Canadian posses- 
sions.} 

It then seemed to be commonly known as the mill beetle. The 
early Dutch called them Kakerlach, and in the Swede settlements they 
were known as Brodetare (bread eaters). It is now very common in 
houses in the East, but is quite generally distributed, and is the com- 
mon species even so far removed from the Atlantic seaboard as New 
Mexico. The characteristics of this insect are shown in the accompa- 
nying illustration (fig. 4). 

The German cockroach (Blattella germanica) is particularly abun- 
dant in Germany and neighboring European countries, but, like most 


1See Kalm’s Travels, Vol. I, p. 321; II, p. 256. 
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of the other domestic species, has become world-wide in distribution. 
In this country it is very often styled the Croton bug, this designation 


coming from the fact, already alluded to, that attention was first perma-— 


nently drawn to it at the time of the completion of the Croton system 


Fig. 4.—The Oriental roach (Blatta orientalis): a, Female; b, male; c, side view of female; 
d, half-grown specimen. All natural size (original). 


of waterworks in New York City. It had probably been introduced 
long previously, but the extension of the waterworks system and of 
piping afforded it means of ingress into residences, and greatly encour- 
aged its spread and facilitated its multiplication. The dampness of 
water pipes is favorable to it, and it may be carried by the pressure 


Fie. 5.—The German roach (Blattella germanica): a, First stage; b, second stage; ec, third stage ; 
d, fourth stage; e, adult; f, adult female with egg-case; g, egg-case, enlarged; hk, adult with 
wings spread. All natural size except g. (From Riley.) 


of the water long distances through the pipes without injury. This 
roach has so multiplied in the eastern United States that it has now 
become the commonest and best known of the domestic species, and 
its injuries to food products, books, etc., and the disgusting results of 
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||\greater economic importance than any of the other species. 

It is very light brown in color, and characteristically marked on the 
‘thorax with two dark-brown stripes. It is more active and wary than 
| the larger species and much mere difficult to eradicate. It is the 
Nsmallest of the domestic species, rarely exceeding five-eighths of an 
l inch in length, and multiplies much more rapidly than the others, the 
| breeding period being shorter and the number of eggs in the capsules 
greater than with the larger roaches. The injuries effected by it to 
| cloth-bound reports have been the source of very considerable annoy- 
ance at the Department of Agriculture and in the large libraries of 
‘Eastern towns and colleges. The characteristics of the different stages, 
| from the egg to the adult, are shown in the illustration (fig. 5). 


NATURAL ENEMIES AND PARASITES. 


In Europe the egg capsules of the cockroach are often parasitized by 
an ichneumon fly (EHvania appendigaster L.). This insect has become 
widely distributed over the world following its host insect, and has 
been redescribed under a great many different names. It was found 
| in Cuba as early as 1829, and has been several times collected in the 
United States. Unfortunately, its usefulness as a means of keeping 
the roach in check by destroying the egg capsules is greatly impaired 
| by the occurrence of another ichneumon fly (Hntedon hagenowi Ratzb.). 
which is parasitic upon the first. Thisis also a European species which 
‘has been brought over with its host parasite. Ifthe true egg capsule para- 
| site of the roach could have been introduced into this country without 
‘this secondary parasite its usefulness would doubtless have been very 
much greater. The secondary parasite, however, seems to have been 
‘introduced early, and has been found in Cuba and Florida, and prob- 
_ably occurs as widely as its host and prevents the latter from multi- 
plying very greatly. Among other natural enemies of the roach are 
j tree frogs; and a correspondent informs us that if these animals are 
inclosed in a room overnight they will effectively clear it of roaches. 


REMEDIES. 


| Like the crows among birds, the roaches among insects are appar- 
, ently unusually well endowed with the ability to guard themselves 
against enemies, displaying great intelligence in keeping out of the way 
of the irate housekeeper and in avoiding food or other substances which 
have been doctored with poison for their benefit. Their keenness in 
‘this direction is unquestionably the inheritance of many centuries 
during which the hand of man has ever been raised against them. 
A thoroughly effective and simple means of ridding one’s premises 
of roaches has been found, however, and is in fumigating with hydro- 
_Gyanic-acid gas. The experience of the past few years has demon- 
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strated that this gas, formerly employed for disinfecting nursery stock 
and orchard trees (notably citrus) from scale and other insects, is 
equally effective against household insects, and is particularly applicable 
and satisfactory against all species of house roaches. The gas is 
extremely poisonous to human beings, but, with the proper precautions, 
may be employed with complete safety. A special circular (No. 46 of 
this series) has been prepared by Doctor Howard, giving the steps of the 
process in detail. | 

The means formerly employed against cockroaches, detailed below, 
are of value, however, -and will be in order where fumigation may be 
deemed undesirable or is impracticable. 

Poisons and repellents.—As just noted, roaches often seem to display 
a knowledge of the presence of poisons in food. and, notwithstanding 
their practically omnivorous habits, a very little arsenic in baits seri 
to be readily detected by them. In attempting to eradicate roaches. 
from the Department storerooms where cloth-bound books are kept 
various paste mixtures containing arsenic were tried, but the roaches” 
invariably refused to feed on them in the least. This applies particu- 
larly to the German roach, or Croton bug, and may not hold so mong 
with the less wary and perhaps less intelligent larger roaches. 

A common remedy suggested for roaches consists in the liberal use 
of pyrethrum powder or buhach, and when this is persisted in consid- 
erable relief will be gained. It is not a perfect remedy, however, and 
is at best but a temporary expedient, while it has the additional disad- 
vantage of soiling the shelves or other objects over which it is dusted. 
When used it should be fresh and liberally applied. Roaches are often’ 
paralyzed by it when not killed outright, and the morning after an. 
application the infested premises should be gone over and all dead or 
partially paralyzed roaches swept up and burned. Flowers of sulphur 
dusted about where roaches abound has proved, on the authority of Mr. 
A. I. Mudd, of this Department, very effective as a repellent. 

There are many proprietary substances which claim to be fairly 
effective roach poisons. The usefulness of most of these is, however, 
very problematical, and disappointment will ordinarily follow their 
application. The only one of these that has given very satisfactory 
results is a phosphorous paste, sold in the form of pills. It consists of 
sweetened flour paste containing 1 to 2 per cent of phosphorus, and is 
spread on bits of paper or cardboard and placed in the runways of the 
roaches. It has been used very successfully in the Department to free 
desks from Croton bugs, numbers of the dead insects being found inl 
the drawers every day during the time the poison was kept about. It. 
is also a repellent. 

Fumigation.—In addition to the hydrocyanic-acid gas treatment 
noted above, two or three other forms of fumigation may be employed 
against house roaches. Wherever roaches infest small rooms or apart- 
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ments which may be sealed up nearly air-tight, and also on shipboard, 
the roach nuisance can be greatly abated by the proper use of poisonous 
gases. notably bisulphid of carbon. This substance, distributed about 
a pantry or room in open vessels, will evaporate, and, if used at the 
‘rate of 1 pound to every 1,000 cubic feet of room space, will destroy 
roaches. Unless the room can be very tightly sealed up, however, the 
vapor dissipates so rapidly that its effect will be lost before the roaches 
are killed. The hatches of ships, especially of smaller coasting ves- 
sels, may be battened down, a very liberal application of bisulphid of 
earbon having been previously made throughout the interior. If left 
for twenty-four hours the roaches and all other vermin will unquestion- 
ably have been destroyed. In the use of this substance it must be 
always borne in mind that it is violently explosive in the presence of 
fire, and every possible precaution should be taken to see that no fire is 
in or about the premises during the treatment. It is also deadly to 
higher animals, and compartments should be thoroughly aired after 
fumigation. 

A safer remedy of the same nature consists in burning pyrethrum in 
the infested apartment. The smoke and vapors generated by the burn- 
ing of this insecticide are often more effective in destroying roaches 
than the application of the substance in the ordinary way as a powder. 
There is no attendant danger of explosion, and the only precaution 
necessary is to see that the room is kept tightly closed for from six to 
twelve hours. The smoke of burning gunpowder is also very obnoxious 
and deadly to roaches, particularly the black English roach. On the 
authority of Mr. Theo. Pergande, gunpowder is commonly used in Ger- 
many to drive these roaches out of their haunts about fireplaces. The 
method consists in molding cones of the moistened powder and plac- 
ing them in the empty fireplace and lighting them. The smoke com- 
ing from the burning powder causes the roaches to come out of the 
crevices about the chimney and fire bricks in great numbers, and rapidly 
paralyzes or kills them, so that they may be afterwards swept up and 
destroyed. This remedy will only apply to old houses with large fire- 
places, and has no special significance for the modern house. It is 
presented, however, as a means applicable wherever conditions similar 
to those described occur. 

Trapping.—Various forms of traps have been very successfully 
employed in England and on the Continent of Europe as a means of 
collecting and destroying roaches. These devices are all so constructed 
that the roaches may easily get into them and can not afterwards 
escape. The destruction of the roaches is effected either by the liquid 
into which they fall or by dousing them with hot water. <A few of 
the common forms of traps and the methods of using them are here 
described. 

A French trap consists of a box containing an attractive bait, the 
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cover of which is replaced by four glass plates inclined toward the cen- 


ter. The roaches fall from the covering glasses into the box and are 
unable to escape. A similar trap used in England is described by 
Westwood. It consists of a small wooden box in which a circular hole 
is cut in the top and fitted with a glass ring, so that it is impossible 
for the roaches to escape. This trap is baited nightly, and the catch 
thrown each morning into boiling water. A simpler form of trap, 
which Mr. F. C. Pratt informs the writer is very successfully used in 
London, England, consists of any deep vessel or jar, against which a 
number of sticks are placed, and bent over so that they project into the 
interior of the vessel for a few inches. The vessel is partially filled 
with stale beer or ale, a liquid for which roaches seem to have a special 
fondness. In the morning these vessels are found charged with great 
quantities of dead and dying roaches, which have climbed up the 
inclined sticks and slipped off into the vessel. We have had fair suc- 
cess with this last method against the Oriental roach in Washington, 
but against the more wary and active Croton bug it is comparatively 
worthless. 

Mr. Tepper, who has been quoted above in relation to the habits of 
roaches in Australia, gives a simple remedy which he says has proved 
very efficacious wherever employed. He mixes plaster of Paris 1 part 
and flour 3 or 4 parts in a saucer and places it where the roaches 
abound, with another flat plate near by containing pure water, both 
supplied with several bridges to give easy access, and one or two thin 
boards floating on the water touching the margin. The insects readily 
eat the mixture, become thirsty and drink, when the plaster sets and 
clogs the intestines. The insects disappear in a few weeks, the bodies 
no doubt being eaten by the survivors. 

Traps of the sort described above, placed in pantries and bakeries, 
will unquestionably destroy great quantities of roaches, and keep them, 
perhaps, more effectively in check than the use of the troublesome 


insect powders or the distribution of poisoned baits, especially as the — 


latter are so often ineffective. 


Approved : 
JAMES WILSON, 
Secretary of Agriculture. 
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The experiences of the last two years with the use of the California, 
or lime, sulphur, and salt, wash in the East have been in many cases 
of so satisfactory a nature as to cause numerous letters of inquiry, and 
indicate the need of a special circular of information. This wash is 
described and recommended in Circular 42 (second series) of this office, 
relating to treatment for the San Jose scale, and also in Farmers’ Bul- 
-letin 127 on insecticides. But in these publications the information is 
very concisely given and none of the experiments on which are based 
_the recommendations for the East are described. It is proposed in this 
circular to give a brief history of the employment of this wash in the 
East and to make such recommendations as the results justify. 


EARLY TESTS IN MARYLAND. 


With the discovery of the San Jose scale in Eastern nurseries and 
orchards the first thought naturally was to employ against it the washes 
which were very commonly used for its control in California and other 
Pacific ccast regions. The results of the preliminary tests are recorded 
in the first general publication of this office on the San Jose scale, 
amely, Bulletin 3 (new series), pp. 57-71. Among many other tests 
ade the lime, sulphur, and salt wash as used in California, and the 
regon wash, a slight variation of the latter, were the subject of careful 
xperiments. This work was done by the writer, assisted by Mr. 
oquillett, who while the California agent of this Division, had employed 
he lime, sulphur, and salt wash in many combinations and was 
t aghly familiar with its use on the Pacific coast. 


HOW THE WASHES WERE PREPARED. 


| oe washes referred to were made after the following formulas: 
_Colhfornia wash.—Lime, unslaked, 40 pounds; sulphur, 20 pounds; 
gpentse salt, 15 pounds. Add 40 gallons of water to the above ma- 
fms, stirring thoroughly while the lime is slaking. Boil fully three 
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hours, then add enough water to make 80 gallons of the solution 
Strain through burlaps and apply milk warm, using only on deciduous) 
trees and when the said trees are dormant. This formula is that given 
by Mr. H. B. Muscott, then chairman of the San Bernardino County 
Board of Horticultural Commissioners, who reported that the wash was 
prepared by a practical chemist employed by the commissioners and 
furnished at cost in concentrated form, and was extremely successful. 
A description furnished by H. P. Stabler, of Yuba City, Cal., of the 
method of making the California wash by means of a twelve-horsepower 
boiler and attached pipes and hot water tank was also given, an appa- 
ratus by means of which 3800 gallons of the wash could be prepared at 
one time. 

Oregon wash.—Sulphur, 15 pounds; slaked lime, 15 pounds; blue 
stone, 14 pounds; water to make 100 gallons. Prepared in the sam 
way as the California wash. This mixture is interesting as representin 
a distinct variation in ingredients. It has little if any excess of lime 
and the bluestone, which takes the place of the salt, probably does no 
add to the value as an insecticide and increases the difficulty of prepa 
ration. It is little employed. 


RESULTS OF THESE TESTS. 


The trial with these two washes was made November 17, 1894 
They were used on peach and other fruit trees at the strength recom 
mended in California and Oregon, and also at double this strength 
The treated trees were carefully examined a month later, December 15 
and only a very small percentage of the scales were found affected, no 
more than on untreated trees. The same results were seen with bot 
strengths; in other words, the double strength was no more effectiv 
than the ordinary strength used on the Pacific coast. The trees wer 
still whitened with the wash. These conditions had not changed a 
the time the orchard was given the general spraying with soap towar 
the end of April, 1895, which prevented following the action of thes 
washes further. 


INEFFECTIVENESS BELIEVED TO BE DUE TO CLIMATE. 


The explanation which naturally suggested itself for the apparen 
failure of these Pacific coast washes to be effective in the East was i 
the difference in the climate between the two regions, and especially a 
earlier experiments (January-March, 1894) with the lime, sulphur, an 
salt wash conducted by the writer against the so-called West India 
peach scale (Diaspis pentagona) had shown similar unsatisfactor 
results. In California these washes are applied in the dry season, an 
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iplete extermination of the San Jose scale on these trees. This 
it is an important one and should not be overlooked in making esti- 
es of the effectiveness of washes. 


THE WASH AN AVAILABLE REMEDY FOR THE EAST. 


he advantages of the California wash are notable. It is inexpensive, 
ing but little above one cent per gallon for materials, and does not 
ul any danger to the plant treated. Its disadvantages are the diff- 
y of preparation and heavy wear which it entails on apparatus, 
ctions, however, which do not offset its advantages if future experi- 
> confirms the more recent results. The danger in careless hands 
he use of petroleum oils, also their expense, and the great expense 
ioap washes, bring this lime, sulphur, and salt wash into especial 
ninence and recommend it to all who are so situated as to prepare 
isily. This does not, however, discredit in the least the other washes 
itioned. 


COMPOSITION AND PREPARATION OF THE WASH. 


! 
he report of the Department Chemist (given in footnote on page 4) 


cates sufficiently clearly the compounds entering into this wash and 
behavior of these, respectively, in dry and moist climates. It is 
lent that in all the formulas, both those recommended above and 
rs (practically every experimenter making a formula of his own), 
e is a great excess of lime which adds to the lime coating on the 
, and doubtless has its benefit as a deterrent. The composition of 
wash is a matter of some indifference. I believe the formula fol- 
3d in the experiments just described and recommended in Circular 
s a good one to follow. This wash gave perfectly satisfactory results 
nst the San Jose scale and is less wasteful in ingredients than many 
rs, although still containing a considerable excess of lime, but per- 
s not more than is desirable, The action of the salt is not very well 
wn, and it is possible that this element could be eliminated, as 
cated by some recent tests, without affecting the results of the treat- 
it. Salt is, however, used in whitewash to give adhesiveness, and 
1ay act in the same way in this wash, causing it to adhere longer 
better than would be the case without it. 

he wash is practically a sheep dip! imported into California, I 
eve, from Australia, and with the advent of the San Jose scale em- 
ed with little change against this insect, and by a lucky chance 
ing effective. 

rolonged and hard boiling increases the percentage of the higher 
hids, although in the main the liquid will consist of the simpler 


or sheep dips recommended by the Bureau of Animal Industry of this De- 
ment, see Bulletin 21, B. A. I. 
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hours, then add enough water to make 80 gallons of the solu 
Strain through burlaps and apply milk warm, using only on decid 
trees and when the said trees are dormant. This formula is that 
by Mr. H. B. Muscott, then chairman of the San Bernardino Co 
Board of Horticultural Commissioners, who reported that the wash 
prepared by a practical chemist employed by the commissioners 
furnished at cost in concentrated form, and was extremely succes 
A description furnished by H. P. Stabler, of Yuba City, Cal., o: 
method of making the California wash by means of a twelve-horsep 
boiler and attached pipes and hot water tank was also given, an a 
ratus by means of which 3800 gallons of the wash could be prepar 
one time. 

Oregon wash.—Sulphur, 15 pounds; slaked lime, 15 pounds; ~ 
stone, 14 pounds; water to make 100 gallons. Prepared in the ; 
way as the California wash. This mixture is interesting as represel 
a distinct variation in ingredients. It has little if any excess of | 
and the bluestone, which takes the place of the salt, probably doe; 
add to the value as an insecticide and increases the difficulty of p: 
ration. It is little employed. 


RESULTS OF THESE TESTS. 


The trial with these two washes was made November 17, 1 
They were used on peach and other fruit trees at the strength re 
mended in California and Oregon, and also at double this strer 
The treated trees were carefully examined a month later, Decembe 
and only a very small percentage of the scales were found affected 
more than on untreated trees. The same results were seen with 
strengths; in other words, the double strength was no more effe 
than the ordinary strength used on the Pacific coast. The trees 
still whitened with the wash. These conditions had not change 
the time the orchard was given the general spraying with soap to 
the end of April, 1895, which prevented following the action of 1 
washes further. 


INEFFECTIVENESS BELIEVED TO BE DUE TO CLIMATE. 


The explanation which naturally suggested itself for the app: 
failure of these Pacific coast washes to be effective in the East w: 
the difference in the climate between the two regions, and especial 
earlier experiments (January—March, 1894) with the lime, sulphur 
salt wash conducted by the writer against the so-called West lL 
peach scale (Diaspis pentagona) had shown similar unsatisfa 
results.!. In California these washes are applied in the dry season. 
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complete extermination of the San Jose scale on these trees. This 
point is an important one and should not be overlooked in making esti- 
mates of the effectiveness of washes. 


THE WASH AN AVAILABLE REMEDY FOR THE EAST. 


The advantages of the California wash are notable. It is inexpensive, 
costing but little above one cent per gallon for materials, and does not 
entail any danger to the plant treated. Its disadvantages are the difh- 
culty of preparation and heavy wear which it entails on apparatus, 
objections, however, which do not offset its advantages if future experi- 
ence confirms the more recent results. The danger in careless hands 
in the use of petroleum oils, also their expense, and the great expense 
of soap washes, bring this lime, sulphur, and salt wash into especial 
prominence and recommend it to all who are so situated as to prepare 
it easily. This does not, however, discredit in the least the other washes 
mentioned. 


COMPOSITION AND PREPARATION OF THE WASH. 


' 


The report of the Department Chemist (given in footnote on page 4) 
indicates sufficiently clearly the compounds entering into this wash and 
the behavior of these, respectively, in dry and moist climates. It is 
evident that in all the formulas, both those recommended above and 
others (practically every experimenter making a formula of his own), 
there is a great excess of lime which adds to the lime coating on the 
tree, and doubtless has its benefit as a deterrent. The composition of 
the wash is a matter of some indifference. I believe the formula fol- 
lowed in the experiments just described and recommended in Circular 
42 is a good one to follow. This wash gave perfectly satisfactory results 
against the San Jose scale and is less wasteful in ingredients than many 
others, although still containing a considerable excess of lime, but per- 
haps not more than is desirable, The action of the salt is not very well 
known, and it is possible that this element could be eliminated, as 
indicated by some recent tests, without affecting the results of the treat- 
ment. Salt is, however, used in whitewash to give adhesiveness, and 
it may act in the same way in this wash, causing it to adhere longer 
and better than would be the case without it. 

The wash is practically a sheep dip! imported into California, I 
believe, from Australia, and with the advent of the San Jose scale em- 
ployed with little change against this insect, and by a lucky chance 
proving effective. 

Prolonged and hard boiling increases the percentage of the higher 
sulphids, although in the main the liquid will consist of the simpler 


‘For sheep dips recommended by the Bureau of Animal Industry of this De- 
partment, see Bulletin 21, B. A. I. 
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compounds of lime and sulphur; and from this fact it is to be inferred 
that these latter are by themselves effective, although a slight increase 
in efficiency may be gained by increasing the higher sulphids. 

When making this wash in quantities of 50 gallons and upwards, it 
is necessary to boil for three to five hours, and especially at the start it 
should be stirred up thoroughly to prevent caking. In the process of 
making, the color changes from a yellow to the clear brown of sulphid of 
lime except for the excess of lime floating in it. It may be prepared 
by boiling in an ordinary vat of iron or, preferably, copper; or, is much 
more satisfactorily made by boiling in big hogsheads or barrels with 
steam. Where the wash can be prepared in the latter manner, its use 
is to be strongly recommended. It may then be made up at once with 
the full amount of water, and taken hot from the boiling tank and 
promptly applied so as to get the advantage of the higher sulphids and 
the full strength of the mixture. In transferring to the spray tank, pass 
it through an iron strainer. The spray tank must be provided with an 
effective agitator. The experiments of 1900, quoted above, discuss the 
matter of temperature fully. In important fruit districts it would be 
well worth while to adopt the plan followed very commonly in Cali- 
fornia—of organizing spraying companies to undertake at a reasonable 
charge the preparation of the wash and the spraying of orchards. In 
California the wash is furnished and put on the trees, everything included, 
at a charge of five cents per gallon. 


PRECAUTIONS TO BE NOTED. 


This wash is a winter application and can not be applied to trees in 
leaf. The best season is February or March. The fact that this wash 
is destructive to pumps and nozzles has already been indicated. The 
injury in this direction can be reduced to a minimum by carefully clean- 
ing the pump each night with water. The Vermorel nozzle is the best 
one for the wash, and additional caps may be secured to replace worn 
ones. The use of an air pump instead of a liquid pump would save the 
wear of the lime on the pump; and doubtless our Eastern manufacturers 
could be induced to make a suitable apparatus of this sort. In spray- 
ing with this wash clothing is ruined, and only the oldest garments should 
be worn, and care should also be taken to protect the eyes to avoid 
unnecessary inflammation. There is, however, no special danger. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., February 20, 1903. 
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THE YELLOW-WINGED LOCUST. 
: (Camnula pellucida Scudd.) 


By C. B. Srmpson, 
Investigator, Division of Entomology. 


For many years past the yellow-winged locust, Camnula pellucida, 
has been a pest of the greatest importance in certain agricultural sec- 
tions of Idaho and Utah. Its injuries are so great that the natural 
development of these sections is se- 
riously interfered with, and often crops ee a 
are almost a total loss. This insect is \Ogs : 
quite generally distributed over the 
northern portion of the United States, 
but is injurious only in comparatively 
few localities in the West. 

It is quite variable in color, ranging 
from light yellow to brown, with all 
gradations between. The males are 
always smaller than the females, and 
ean be easily distinguished: by the dif- 
ference in the end of the abdomen, 
which is more or less rounded in the 
male, while in the female it ends with = 
four horny points. The nymphs or —™ 
young locusts are of a dark color, some- 
times almost black. The young locusts 
depend entirely upon their legs for lo- 
comotion, as the wings in the earlier Fic. 1.—-The yellow-winged locust (Camnula 
Blages consist only of amall pads, Hilo, a adut male; b. toma: 

The life history of this insect is not 
so well known as that of many other injurious species. The eggs are 
laid in the ground during August in pod-like sacs containing from 20 
to 30 eggs each. The female usually chooses sandy or gravelly spots 
in which to deposit eggs. In the latter part of May and in June the 
eggs hatch, and in about a month the locusts become full grown and 
winged and begin to migrate, and if in sufficient numbers they strip the 
vegetation in their path. Many of them remain along the path of migra- 


9 ] 


tion and deposit their eggs, and thus cause several years of abundance. 
In a few sections they are numerous enough to cause great damage only — 
three or four years out of every ten. | 


This locust is a general feeder, and is especially destructive to hay, — 


oats, and wheat, the principal crops grown in these sections. Appar- 
ently the insect dislikes alfalfa, as this crop is usually but little injured. | 


REMEDIAL MEASURES. / 


The application of remedial measures against this pest depends largely 
on the locality in which the pests are at work, and every possible 
advantage should be taken of the natural surroundings. The breeding 
grounds must be accurately located; and if there are periods of years 
in which the insects are few in numbers and consist of scattering 
colonies, these colonies should be located and destroyed as a preventive 
measure. Many methods have been devised to combat the insect 
when it has reached the adult or winged stage, but at best these meas- 
ures are very expensive, and are in most cases of but little value. If 
success is to be obtained in the destruction or control of this insect, it 
must be attacked in its breeding grounds, either when it is in the egg 
stage or before becoming winged. 

Plowing.—By observing the insects during the egg-laying period, or 
stirring the ground and exposing the eggs, the breeding grounds can 
be easily located. By plowing these grounds in the fall many of the 
eggs are buried so deep beneath the ground that when the young hatch 
in the following spring they perish because they can not reach the 
surface. Others are killed by exposure to the weather, and their 
numerous enemies have a better opportunity to feed upon them. 


Spraying with oil.—In many sections of the West, where crude petro- — 


leum can be obtained at very little cost, the method of spraying with 
oil has been found very successful. The petroleum is sprayed over the 
breeding grounds upon the young locusts, which are killed by contact 
with the oil. The effectiveness of this treatment depends primarily 


upon the thoroughness with which it is applied. Additional effective- — 


ness can be secured by burning over the ground after it has been sprayed, 
as this will kill those which have escaped the spray. 
Hopperdozers.—Hopperdozers are long, shallow pans of any conven- 
ient dimensions, made of galvanized iron or other material mounted 
upon runners about an inch thick. The pan is partly filled with water, 
a small quantity of kerosene is added to form a film, and a screen is 


placed upright on the back to prevent the locusts from jumping over | 


the pan. As hopperdozers are drawn over the ground by either men or 
horses, the young locusts jump into the air, fall into the pan, and are 
wetted and killed by the kerosene. This method has been found to be 
less effective against this insect than against locusts of other species. 
Sage brush in the breeding grounds often renders it difficult to use the 


icnesiindiitie ee 


3 


hopperdozers, and it is quite necessary to drive or sweep the young 
locusts of this species into the pan when it is drawn along, as but com- 
paratively few of them jump high enough to fall into it. 
Poisoning.—Poisoning the young locusts with arsenicals has been 
‘found to be one of the most effective measures that can be used against 
this insect. There are many mixtures which are very effective, but the 
greatest success has been obtained by a combination of arsenicals and 
fresh horse droppings. One pound of Paris green, or some other con- 
venient arsenical, together with 2 pounds of salt, are thoroughly mixed 
with 60 pounds of fresh horse droppings. The resulting mixture is 
scattered among the young locusts or around the edges of fields which 
it is thought may be invaded. A very convenient receptacle in which 
to make this preparation is a half-barrel. A trowel or paddle can be 
used in scattering the mixture in the desired places. 

The importance of beginning work against the younger stages can not 
be too strongly emphasized, because little can be done to destroy these 
locusts after they have wings and have begun their migrations by short 
flights. By means of a voluntary organization of farmers, a general 
survey of a locality in the fall, aided by the experience of previous years, 
will render it comparatively easy to forecast if the locusts will be abun- 
dant the ensuing season. During the years when they are few, a small 
amount of work will keep them within bounds, or by more extended 
work they may be nearly exterminated. Climatic conditions, parasites, 
and diseases, although often effective, can not be relied upon, and it is 
necessary that well directed and persistent campaigns be undertaken if 
success is to be obtained. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., May 12, 1903. 
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CIRCULAR NO. 54. 


United States Department of Agriculture, 


DIVISION OF ENTOMOLOGY. 
L. O. HOWARD, Entomologist. 


THE PEACH-TREE BORER.” 


(Sannina exitiosa Say.) 
By. OC. e MAREATT, 
Entomologist in Charge of Experimental Field Work. 
GENERAL APPEARANCE AND METHOD OF WORK. 


The brownish, gummy exudations, more or less soiled with earth and 
the larval excrement, about the bases of peach trees, and also, toa less 
extent, of the cherry and plum and other stone fruits, are familiar to 


Fig. 1.—Sannina exitiosa: a, adult female; 0b, adult male; ce, full- 

grown larva; d, female pupa; e, male pupa; f, pupa skin par- 

tially extruded from cocoon—all natural size (original). 
all growers. These exudations indicate the presence of the peach-tree 
borer, which undergoes its development just within the bark, mining 
between the bark and the sapwood, often completely girdling and 
causing the death of trees, and always greatly injuring and weakening 
them. The parent of this larva is not often seen. It is a very slender, 
dark-blue moth, wasp-like in appearance, and presenting remarkable 
differences between the two sexes. The mimicking of the wasp is 
especially noticeable in the case of the male insect, the wings of which 
are transparent, bordered with steel-blue, which is the general color of 
the body in both sexes. The fore-wings oi the female are blue and 
clothed with scales, while the hind-wings are transparent, resembling 
those of the male. The middle of the abdomen of the female is marked 
by a broad orange band covering the fourth, or fourth and fifth seg- 
ments. The male expands about one inch and the female an inch and 
a half or more. 

ORIGIN AND DISTRIBUTION. 


The peach-tree borer is a native species, and was described by Thomas 
Say, of Philadelphia, early in the last century. It had then been 


“This circular replaces No. 17, new series, 
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known, however, as the peach-tree pest for nearly one hundred years. 
Its food plant prior to the introduction of the peach by Europeans was 
undoubtedly some of the wild cherries or plums of the Northeastern 
States. In other words, it is an Eastern species, and has followed the 
cultivated peach into the Middle and Western States. On the Pacifie 
coast there is a closely allied species (S. opalescens) which takes its 
place as the important enemy of stone fruits. The Eastern species 
early attacked the cultivated peach and other stone fruits in New 
York and New Jersey.- It is now widely distributed and is a conta 
and perhaps the most important pest of these fruits in all the regions 
where they are grown east of the Rocky Mountains. Although it has 
been carried to the Pacific coast on nursery stock a good many times 
and obtained temporary foothold there, it does not seem to have 
ever permanently established itself in that region. The Pacific coast 
species named above is often confused with the Eastern species, but 
the two are quite distinct, although the habits and means of control 
are substantially the same for both species. This circular deals, how- 
ever, with the more important Eastern species. 


: 


NATURAL HISTORY AND HABITS. 


There is but one generation of larve annually. The moths appear as 
early as May in the latitude of Washington, D. C., and southward, over 
what approximates the lower austral region. In the upper austral 
region, roughly comprising the States above the cotton belt and below 
the northern tier, the moths do not appear until after the middle of June. 
In the transition region, which comprises the northern tier of States, 
together with most of New York and New England, the moths appear 
chiefly in July and later, emerging, however, as early as June, and 
belated individuals as late as October. June and July are therefore 
the months when the moths are the most numerous over the principal 
peach districts. 

The egg is deposited on the bark, usually at or near the surface of a — 
ground, although rarely it may be placed well up on the trunk or in the ; 
crotches of the larger branches. The egg is very minute, not exceeding — 
0.2 mm. in length, oval, yellowish brown in color, and irregularly orna- | 
mented with hexagonal sculpturing. The young larva on hatching is 
very active, and immediately burrows into the bark, usually entering at 
acrack. Having worked its way to the sapwood, usually near or below | 
the surface of the ground, it feeds steadily during the balance of the | 
summer and well into the fall, constantly enlarging its excavation, and > 
causing the exudation of the gum intermixed with excrement and frag- | 
ments of bark, which is so characteristic of its presence. It remains | 
dormant in the larval state during winter and resumes feeding again 
the following spring, reaching full growth in the central districts by the 
middle of June. It transforms to chrysalis within an elongate, cocoon- 
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Jike cell constructed of its own frass and particles of bark attached with 
gum and threads of silk, and remains in this stage some three weeks. 
The males appear a few days earlier than the females. 

~ The full-grown larva attains a length of about an inch, is rather 
robust, of a yellowish white color, with head and first segment brown. 


PREVENTIVE MEASURES. 


There is a great diversity of opinion as to the merits of the various 
preventive measures which have been suggested and practiced by dif- 
ferent growers or economic entomologists and the results obtained by 
different individuals and from different regions are very much in con- 
flict. This is doubtless to be explained by the differences in climate, 
care of application, or details of treatment which do not appear in the 
published accounts. One is not, therefore, obliged to discard a method 
as useless because some one experimenter has difficulty with it, but 
under such circumstances it is always advisable to make a careful pre- 
liminary test with a few trees before making a general application to 
an orchard. 

Of the numerous mechanical and similar methods of preventing dam- 
age by the peach-tree borer the oldest and still one of the best is the 
process of mounding up earth about the trunks of the trees to a height 
of ten or more inches early in June and removing it again in the fall. 
This method is inexpensive and will protect the trees from a large per- 
centage of the borers. It has been followed for nearly a hundred years, 
but perhaps it is not used now as much as formerly. As pointed out 
by Slingerland, it is especially of value in the case of nursery stock, 
where more artificial and possibly more efficient applications are 
impracticable. 

Of the same order is the method recommended by Harris as early as 
1826, which consists in removing a little of the earth from about the 
base of the tree and surrounding the trunk with a strip of sheathing 
paper 8 or 9 inches wide and extending 2 inches below the soil, secured 
with strings above and by replacing the soil about the trunk below. 
Any heavy paper or tarred roofing paper will answer the purpose. 
These wrappings may be removed in winter and renewed in June. 

The idea of a more durable wrapping of this sort early suggested 
itself, and the late Dr. Lintner was perhaps the first to experiment with 
wire netting. Cylinders of window screen wire 15 inches in height were 
tied about the trees very much as the paper applications mentioned 
above. More careful experimentation in late years, especially by Mr. 
Slingerland, has demonstrated that wire netting is of no protection 
whatever, for, while the eggs can not be laid on the trunk by the moths, 
young larve have no difficulty in crawling down from higher situations 
and gaining the usual position about the base of the tree. 


| 
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To overcome the weak features of the wire screen netting, Prof. J. M. 
Stedman, of the Missouri experiment station, has employed a band of 
thin boards, which are securely wrapped and tied about the trees, the — | 
upper exposed end being stuffed with cotton about the trunk to prevent 
the larvee from penetrating within the screened portion. This, in Pro- 
fessor Stedman’s hands, has given excellent results, but in the hands 
of Mr. Slingerland the results were no better than with the wire screen. 

Tying rye or other straw about the trunks has often been recom- 
mended and employed. It also has the objection of not affording very 
perfect protection on account of the possibility of the larva penetrating 
through straw and getting to the base of the trunk. 

Another order of preventive applications are limy coatings to the 
bark, poisoned or otherwise, all of these applications extending from a 
few inches below the surface of the ground to a height of a. foot or 18 
inches, or, in the case of these lime coatings, even up to the lower 
branches. Some of these lime applications have had substances added 
to them to make them obnoxious to the moths, as, for instance, carbolic 
acid. Perhaps the best of these is the wash recommended by Mr. J. H. 
Hale. Two quarts of strong soap and a half a pint of crude carbolic 
acid, with 2 ounces of Paris green, are thoroughly incorporated in a 
bucketful of water and enough lime and clay added to make a thin 
paste. This application, in the hands of its originator and others, has 
given very good satisfaction, two applications, however, being some- 
times necessary to get the best results. As will be noted, it contains a 
small amount of Paris green. The application of a reasonable amount 
of this poison to the trunk in combination with the lime is attended 
with no risk to healthy plants. Other mixtures containing arsenicals 
which have a glue or a paint base have proven injurious to the trees, 
and no strong arsenical application should be made to the trunk of the 
peach tree. The difficulty with the lime applications is that they are 
rather unstable in a climate where rainfalls are comparatively frequent 
and abundant; and, furthermore, if put on as a very thick wash, they 
are apt to crack and leave openings for the larve. 

Gas tar was early recommended as a means of preventing damage by 
the peach-tree borer. The experience with it has been of a very contra- 
dictory nature however. It has been very successfully employed for a 
number of years by Mr. Slingerland, who gives it his unqualified 
endorsement as perhaps the best method of preventing damage by this 
insect. On the other hand, as noted, gas tar has been used by other 
experimenters with disastrous results to the life of the trees. There is 
no doubt, from Mr. Slingerland’s work, that gas tar, lightly and properly 
applied to the trunk of the tree, will not endanger the health of the 
plant, at least under the conditions of temperature and moisture obtain- 
ing at Ithaca, N. Y. Its careless application, however, will probably 
result disastrously and it may be less safe in regions with moist and hot 
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‘summers. In using this substance, therefore, one should first experi- 
ment with a few trees to be sure that a method is not adopted that will 
do material damage to the orchard. The ordinary gas tar is employed, 
heating it slightly so that it may be painted readily on the bark. Mr. 
Slingerland’s experience showed that it freed the trees from four-fifths 
to all of the borers, but a small percentage of the trees becoming 
infested. All of these applications should be made early in June, or 
before the moths are out. 

In addition to the above, a very large number of substances have 
been experimented with including all which seemed to offer any likeli- 
hood of preventive value. Of these, those named above have yielded 


the best results. 
REMEDIAL MEASURES. 


The methods just outlined are preventive and are designed to keep 
the peach-tree borer from ovipositing or to destroy the young larve 
before they have entered the bark. After a tree is once infested these 
external applications are of no avail, except to prevent additional 
attack. To kill the larve in the trees two or three methods may be 
followed. The old-time process of digging or cutting the larvee out with 
a knife is undoubtedly the most effective and useful of all means of 
controlling the. peach-tree borer, and is followed by some orchardists 
altogether, no effort being made to protect the trees from attack, reli- 
ance being placed solely in the removal of the larve in autumn or 
summer. 

In California the related peach-tree borer referred to in the opening 
paragraph has been effectively controlled by the use of bisulphid of 
carbon. This substance has given very satisfactory results as reported 
by Prof. C. W. Woodworth; but, on the other hand, in the case of 
experiments made with it in New York by Mr. Slingerland, it proved a 
complete failure, and was condemned by him on account of its cost and 
its being dangerous to the health of the tree, and, at the same time, 
ineffective as a means of destroying the borer. Its efficiency depends a 
great deal on the character and condition of the soil, and, taking the 
difficulty of determining and controlling this into account, and also the 
other objections to it, namely, cost and danger to the trees, it seems 
not a method to be generally recommended. 

Douching the bases of the trees copiously with boiling hot water will 
also destroy the larve, but this entails the transporting of quantities of 
water kept at the boiling point through the orchard, and on a large 
scale is rather impracticable. 

The digging out process, therefore, remains the simplest and most 
efficient. It entails very little expense, and after some experience can 
be done rapidly and with very little injury to the tree. The peach tree 
grows very rapidly, and any wound occasioned by cutting out some of 
the bark to get at the larve readily heals over and, at any rate, the 
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damage is already done by the larve and is not very much increased 
by this treatment. Within certain limits one can take the most advan- 
tageous time for this work. The larve are small in the autumn and 
are located with greater difficulty than they are in early summer. Dur- 
ing the winter they are hibernating, and the damage at this period is 
therefore at the lowest ebb. April or May is a good season for the 
work, as attended to then it prevents the early summer feeding. It will 
be advisable, however, to go over the trees again in June to pick up 
any of the larvee which may have escaped the earlier examination. In 
June they are easily located by the larger size of their castings and 
pupal cases. To be effective this method should include not only the 
commercial orchard, but all old peach, cherry, and plum trees in yards 
or fields in the vicinity. 

In conclusion, it may be said that the peach-tree borer is one of the 
most difficult pests to control, and no one method probably will give 
complete freedom from it. Mounding, paper wrapping, or the deter- 
rent washes should therefore be combined with the digging-out process, 
and if these are kept up as a regular yearly procedure this pest should 
be easily kept under, and the amount of labor entailed, especially in 
the digging-out work, should steadily diminish. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., October 19, 1908. 
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CIRCULAR No. 55. 


United States Department of Agriculture, 


DIVISION OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist. 


POWDER-POST INJURY TO SEASONED WOOD PRODUCTS. 


By A. D. HOPKINS, 
In Charge of Forest Insect Investigations. 


INTRODUCTION. 


The so-called powder-post injury to seasoned wood has attracted 
much attention in America, and especially in Europe for centuries, 
and has been the subject of published articles in many languages. 

This peculiar injury seems to be on the increase in the United States 
and numerous requests from a number of the principal manufacturers of 
vehicles and wooden articles have recently been addressed to this 
office for information. The subject has received considerable atten- 
tion through Mr. F. H. Chittenden and the writer in the past, and 
investigations are now being made with a view to publishing a special 
bulletin giving detailed information. It is deemed advisable, however, 
to issue this circular in advance, as it is addressed especially to our 
correspondents who are in need of immediate information. 


CHARACTER OF POWDER-POST INJURY. 


Fine, flour-like powder is found on or beneath piled or stored hick- 
ory, ash, oak, and other seasoned hardwood products. Upon closer 
examination small holes will usually be found in the surface of the 
wood from which the powder will fall when moved or jarred. By cut- 
ting into the wood, or splitting it, the interior is often found converted 
into a mass of closely packed material which readily crumbles into 

gpowder. This is held together by an outer thin shell and intervening 
fibers of sound wood. It will also be found that the injury is confined 
to the white or sapwood, and that the darker-colored heartwood is 
seldom, if ever, thus affected. 


CHARACTER AND EXTENT OF LOSSES. 


This form of injury is widely distributed over the world, and unless 
remedies are instituted the resulting loss will be great. This is espe- 
cially so in a country like the United States, which is rich in hard- 
wood forest resources, and where there are extensive interests in the 
manufacture of commercial products from such wood. It is a character 
of loss which falls directly on the dealer, the manufacturer, or owner of 
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finished products, rather than on the producer of the crude product, 
since it is only after the wood is seasoned, and often some years after 
it is taken from the tree, that it is seriously affected. The principal 
losses result from injury to old hickory, ash, oak, and other dry hard- 
wood lumber; handles, spokes, and other sapwood material used in 
vehicles of various kinds; ornamental woodwork, furniture, inside hard- 
wood finishings, floors, joists, and frame timbers; inside rustic work, 
hoop-poles, bamboo, wood specimens in museums, old tanbark, and 
many other similar articles. In many cases the affected articles are 
not only rendered worthless for the purposes for which they are intended, 
and in the aggregate cause direct financial loss amounting to hundreds 
of thousands of dollars, but in certain cases may be a menace to human 
life, as in weakened construction timbers in floors, frames, bridges, and 
wood material of vehicles, etc. Indeed, we have evidence of a railroad 
wreck in which many lives were lost, due to powder-post injury to the 
principal construction timbers. : 


CAUSED BY INSECTS. 


The injury with the consequent losses mentioned is the work of sev- 
eral kinds or species of insects which have the peculiar habit of burrow- 
ing into seasoned wood in quest of 
their natural food supply of nutritive 
substances in the wood, which is ap- 
parently rendered especially attractive 
by the loss of moisture and the chem- 
ical changes brought about by the sea- 
soning process and the increased age 
of the dry material. 

Character of the insects. —The adults 

He pee aia a a eee or winged forms of this class of insects 

to right of adult represents naturallength gyre small, slender or stout, brownish 

age ae. to nearly black beetles, which upon 

emerging from the wood where they breed and pass the winter, fly or 

crawl about in search of suitable wood material in which to deposit 
their eggs. 

Habits and life history.—The different species vary in their habits 
and life*history, from the egg to the adult, but in general that of the 
true powder-post beetles is as follows: The winter is passed in the 
wood. The eggs are deposited under normal conditions soon after 
activity commences in the spring, while in store-houses and buildings 
kept warm and dry they may continue their activity through the year 


Pechiealdy tb insects chine ae ans aetna habit ae to the order 
Coleoptera, and chiefly to the families Lyctide, Ptinidee, and Bostrichide. By 
far the larger part of the injury is caused by species of the genus Lyctus, of which 
there are several forms. 
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and deposit eggs much earlier. The minute white ““worm’’ or grub 
(the second stage of the insect known as the larva), upon hatching 
from the egg. proceeds to burrow in and through the wood in all direc- 
tions, feeding and growing as it proceeds, until it has attained its full 
erowth. It then excavates a cell at the end of its burrow, in which it 
transforms to a semi-dormant stage (the pupa, or third stage in the 
insect’s life), remaining thus until the legs and wings have fully devel- 
oped, when it bores its way out and appears as the matured adult or 
beetle (the fourth stage), to mate and repeat the life process. Under 
normal conditions, so far as we positively know, there is probably only 
one generation annually. 

Each female deposits many eggs, and many females oviposit on or 
in a single piece of wood, so that the combined work of their numerous 
progeny, burrowing through the wood in quest of food for their develop- 
ment, results in the complete destruction of the interior wood fiber and 
its conversion into a mass of fine powder. If the first attack and the 
first generation do not accomplish this destruction, subsequent gener- 
ations will follow in the same wood until nothing of the solid fiber is 
left but a:thin outer shell. 


FAVORABLE CONDITIONS FOR ATTACK. 


The conditions which appear to be most favorable for inducing 
attack are perfectly dry wood material, or sapwood which has been 
stored or piled in one place for two, three or more years, manufactured 
articles which have attained considerable age, floors and frame timbers 
in old houses, and other wooden structures. The insects prefer such 
material before it has been painted, varnished, or otherwise treated, but 
it appears that certain species will, in rare cases, even attack old wood 
which has been painted or varnished. 


METHODS OF PREVENTING LOSS. 


The methods of combating this class of insects, and of preventing 
losses from their ravages, come under two primary heads: First, 
destruction of the insects; Second, prevention of attack. 

Destruction of the insects.—In the case of lumber and other manu- 
facturers’ and merchants’ supplies which are found to be infested, the 
entire stock should be gone over carefully, and every piece showing 
the least indication of injury sorted out. Every piece found to be so 
injured that it is of no value, should be removed and immediately 
burned, together with all waste pieces of wood, lumber, sticks, and 
other useless material which might serve as breeding places for the 
insects. Thus vast numbers of the insects will be destroyed. October 
to March is probably the best time in which to do the work, in order 
that none may escape. All partially damaged material, such as the 
sap edges of lumber, and parts of other material too valuable to destroy, 
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should, when practicable, have the damaged and infested parts removed, | 
and likewise burned. ) 

Where it is not practicable to remove the infested parts, the material 
may be subjected to one or more of the following methods for the | 
destruction of the insects, and the prevention of further attack, provided 
in each case the treatment is not detrimental to the wood for subse- 
quent uses: 

1. A liberal application of pure kerosene, benzine, gasoline, formalin, 
brine, or like substances, to the infested parts. 

2. Thorough steaming of the wood in a tight room. 

3. Subjecting the wood to the highest practicable dry heat in a dry 
kiln. 

In the case of finished products such as furniture, museum specimens, 
and the like, which are portable, they may be subjected to the treat- 
ment mentioned under “‘1,’’ “2,” and “3,” selecting the one which is 
least injurious to the articles. In the case of painted or varnished — 
articles which would be injured by external treatment, the liquid may 
be injected into the holes made by the insects, or in small gimlet holes 
made for the purpose, to be afterwards filled with putty. With inside 
hardwood finishings, such as wainscoting, staircases, floors, doorposts, 
and the like, the injection of the liquid is perhaps the only practicable 
method of checking the progress of the injury. 

When infested construction timbers are badly damaged, or important 
parts are weakened by the work of the insects, they should be removed 
and replaced by sound heartwood material, while all slightly damaged 
accessible wood should be treated with an external or internal applica- 
tion of a suitable liquid remedy. 

Methods of preventing attack.—In the case of lumber and other manu- 
facturers’ and merchants’ supplies, the following precautions should be 
taken to prevent the introduction and subsequent multiplication of the 
insects, as well as to prevent the development of favorable conditions 
for their attack. 

To accomplish this end a general cleaning up and the immediate 
destruction of all useless and infested material, and the proper treat- 
ment of the slightly injured and infested wood, is of primary import- 
ance. Special precautions should also be taken as follows: 

1. To prevent the introduction into the lumber-yards, store-houses, 
and factories, of infested material, remembering that the insects may 
be thus carried to or from all parts of the world in wooden articles. 

2. The fact that the older material forms the most attractive condi- 
tions for the attack of the insect, suggests the importance of preventing 
the accumulation of such material by converting it into the finished 
products within two or three years, or less time, after it is taken from 
the tree. 
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3. To make semiannual inspections of the lumber-yards and store- 
houses in order that any evidence of the presence of the insect may be 
promptly detected, and the infested pieces removed for treatment. 

4, Nothing but heartwood lumber sticks should be used in piles of 
lumber liable to attack. 

5. Quantities of napthaline scattered about over the piles of lumber 
and other material, two or three times during the year, would serve to 
keep the insects away. 

6. No wood showing the slightest indication of powder-post should 
ever be used for a finished article, or for parts of a building or other 
structure. 

7. All important timbers used in wooden structures should be entirely 
free from sapwood. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., November 20, 1908. 


NotTe.—If correspondents who try any of the methods recommended in this 
circular will notify the Division of Entomology of the results of their experience, 
and offer suggestions from their practical business for experiments or lines of 
investigations, it will aid materially in making our future publications of special 
practical value to the interests involved. 
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/\CIRCULAR No. 56. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 
L. O. HOWARD, Entomologist. 


THE MOST IMPORTANT STEP IN THE CULTURAL SYSTEM OF 
CONTROLLING THE BOLL WEEVIL. 


By W. D. HUNTER, 
In Charge of Cotton Boll Weevil Investigations. 


The agitation of the necessity for procuring an early crop in order to 
} avoid damage by the boll weevil has been carried on to such an extent 
‘by the Department of Agriculture that the details have become common 
knowledge. There is, however, a tendency on the part of many planters 

to lose sight of the fact that procuring an early crop is but one step and 
| is strictly secondary to the great essential step, namely, the destruction 
in the fall of the plants in the field. As a matter of fact, early planting, 
‘the use of early varieties, and the use of fertilizers, are simply to further 
| the advantage gained by the process of fall destruction. 


REASONS FOR THE DESTRUCTION OF THE PLANTS IN THE FALL. 


There are four principal reasons why the process of fall destruction 
recommended in this circular should be practiced universally by planters 
in infested regions. 

First.—Fall destruction prevents absolutely the development of a 
multitude of weevils which would otherwise become adult within a few 
weeks of the time of hibernation. The destruction of the immature 
stages of weevils in infested squares and bolls is accomplished, while 
the further growth of squares which may become infested later is also 
prevented. This stops materially the development of weevils which 
would normally hibernate successfully, and by decreasing the number 
of weevils which will emerge in the spring the chances for a successful 
crop the following season are very greatly increased. 

Second.—A proper manipulation will bring about the destruction of a 
great majority of the weevils which are already adult. 

Third.—It has been shown conclusively that the only weevils which 
survive the winter are those which reach maturity late in the season. 
Those maturing earlier are unable to survive the long period of hiberna- 
tion. In one instance, out of 240 weevils taken from the field at the 
middle of December and placed in hibernation, 38, or 15.8 per cent, 
passed the winter successfully, while out of 116 which became adult 
about November 15, only 1, or less than 1 per cent, survived. It is evi- 
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dent that the weevils that pass the winter and attack the crop the fol- 
lowing season are among those developed latest in the fall and which, 
in consequence of that fact, have not exhausted their vitality by depos- 
iting eggs for any considerable length of time. Fall destruction of the 
plants, thereby increasing the length of the hibernating period, will 
undoubtedly cause the reduction by many fold of the number of weevils 
in the fields that would otherwise emerge in the spring to damage the 
cotton. 

Fourth.—Clearing of the field in the fall makes it possible to practice 
fall plowing, which is not only the proper procedure in any system of 
cotton raising, but also greatly facilitates the early planting of the crop 
the following spring. The ground becomes clean by this practice, so 
that but few places for shelter are left for the weevils, and various cli- 
matic conditions still further reduce the numbers of the survivors. 


TIME FOR DESTRUCTION OF THE PLANTS. 


It is naturally impossible to fix any date for the destruction of the 
stalks which would apply to all localities and under all conditions. 
The condition of the soil must be considered as well as the maturity of 
the crop. While the condition of the soil can not be controlled, the 
time of the maturity of the crop is largely within the power of the 
planter, since by early planting of early maturing varieties the entire 
crop may be mature before the usual time of picking of the first cotton 
from native seed. Nevertheless, whatever modifications are necessary 
in different localities and during different seasons, they do not decrease 
the general strength of the reeommendations. 

The proper time for the destruction of the plants in the fall is when- 
ever the weevils have become so numerous that there is no prospect 
that any more cotton will be made. It will be an’easy matter for any 
planter to determine this point by an examination of a few plants in his 
field. Whenever it is found that all, or nearly all, of the squares and 
some of the bolls are being punctured, there is no hope for producing 
any more cotton. The farmer should then wait until the bolls already 
set on the plants have opened, and destruction should then take place 
immediately. 

The rule should consequently be that the plants should be destroyed 
in the fall whenever all, or practically all, of the fruit is being damaged, 
regardless of whether this is in September or November. In the great 
majority of cases in Texas, from the Ist of October to the 15th of Octo- 
ber would be the proper time. In many cases much earlier destruction 
could and should be practiced. Nevertheless, it should not be thought 
that fall destruction will be useless after the last date mentioned. 
Even up to the 15th of November many weevils in the remains of bolls 
hanging to the plants may be destroyed, but the process loses value 
the longer it is deferred. By all means, if possible, destruction of 
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plants should take place before frost, but destruction after frost, though 
not nearly as efficacious as earlier destruction, should always be prac- 
ticed when it has not been possible to remove the plants previously. 


METHOD OF REMOVING THE PLANTS. 


The common practice of removing the cotton stalks from the fields 
by the use of the stalk cutter (a wheeled cylinder provided with oblique 
knives) is not effective in the fall destruction that should be practiced 
to avoid the damage by the boll weevil. The stalks remaining in that 
case during mild weather give rise to sprouts which furnish an abun- 
dance of food to weevils that would otherwise starve. Moreover, the fact 
that this machine cuts the stalks into short pieces makes the necessary 
collection of them difficult. 

There are two effective methods of removing the plants from the 
sround. One of these, the method to be preferred, is to cut the roots 
2 or 3 inches beneath the surface by the use of an ordinary plow or a 
lister. The other is to pull out the stalks by the use of a lever provided 
with a toothed notch which grasps the base of the plant. The latter 
process is better adapted for use when the plants have been killed by 
frost. When they are still green, or the ground is dry, it is frequently 
a difficult matter to remove them with these levers. The Department’s 
general recommendation, therefore, is that the plants should be plowed 
out. Assoon as possible after this is done, they should be collected by 
hand, or by means of rakes, and brought together in large heaps or 
windrows. It is very important that this collection should take place 
before the leaves have become dry and have dropped off. When the 
plants are carried to heaps immediately after uprooting, all of the leaf- 
age, which will dry in a few days, remains to facilitate the burning of 
the plants. 

After the stalks have become dry enough, they should be burned. 
If the weather is fair, this could be done in about two weeks. If rains 
cause a lengthening of this period, it would undoubtedly be worth the 
cost to the planter to purchase crude oil sufficient to bring about the 
complete burning of all the stalks. 

It is not considered necessary to leave any trap rows to attract such 
weevils as may have escaped the burning. The weevil seems to have 
but little tendency to be attracted to such plants. After the destruc- 
tion of the main crop the spread would probably be in all directions 
and the numbers collected on the trap rows would consequently be 
inconsiderable. The time and expense of properly carrying on the 
hand picking of the weevils and infested fruit on trap rows would be a 
considerable handicap to the method on many plantations. Neverthe- 
less, on small places where suitable labor is abundant, traps could con- 
veniently be left. In such cases they should be situated on those sides 
of the fields which are generally leeward. They should be examined 
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daily for weevils and infested squares and bolls, which should be 
immersed in crude oil. After such collection for ten days, the trap 
plants should be uprooted and burned immediately with the aid of 
crude oil. 

The suggestion has been made at various times that grazing the cot- 
ton fields with cattle is in some cases equivalent to destruction in the 
way that has been suggested. However, in many parts of Texas there 
are not sufficient cattle to accomplish the work, and, moreover, in very 
many fields the cattle, by disseminating Johnson grass and other plant 
pests, would undoubtedly do more harm than good. At the same time, 
the most thorough grazing always leaves a few green sprouts or leaves, 
upon which weevils may feed, and of course leaves the stalks standing, 
so that the process of leafing, for the benefit of the weevils, may con- 
tinue indefinitely. Where the conditions of the fields allow it and the 
supply of cattle is sufficient, grazing the fields should be practiced, but 
it is not likely that this can generally be the case in Texas. 


DIFFICULTIES. 


The Department of Agriculture understands that there are some dif- 
ficulties in the way of a universal following of the recommendations 
given in this circular. The principal ones are the almost universal 
hope for a top crop and in the labor conditions consequent from the 
universal tenant system of producing the staple. These difficulties are 
increased by the general scarcity of labor in the South, which is becom- 
ing more and more a serious problem in raising cotton. 

Planters in infested localities must understand that with the presence 
of the weevil there is no longer any hope of a top crop. It is true that 
after considerable cotton has matured and after the plants have applied 
their energy to the formation of seeds and lint, fall rains often stimu- 
late the production of a great number of squares. Many planters are 
misled by this into the hope of gathering a large top crop. The joints 
of the plant are short and the squares are formed rapidly and close 
together. Though weevils may have been exceedingly numerous in the 
fields, the presence of this abundance of food causes them to scatter 
and they are consequently temporarily somewhat less in evidence. In 
many cases blooms appear and the hope for a top crop increases. 
Nevertheless, this production of squares also contributes to the produc- 
tion of a large number of weevils late in the season and just at the 
time for their successful hibernation. As a result of this fact, great. 
injury is done to the crop of the following season, with no gain what- 
ever, or a very small one, in the yield of the current season. From 
these considerations it seems plain that within the weevil territory all 
hope of a top crop must be given up and the destruction of the plants 
be practiced as early in the fall as possible. 

Another important difficulty lies in the tenant system. It is usually 


5 
the practice to terminate the work of the tenant with the picking of the 
cotton, leaving the clearing of the field for the next cropper. At pres- 
ent, after the cotton is picked the tenants frequently move to other 

plantations or to other parts of the same plantation. It should not be 

a difficult matter for planters to induce their tenants to practice the fall 

destruction of the plants as the last step in the production of a crop. 

In any case the plants have to be removed before the ground can be 
prepared for planting the following season; and the present re¢om- 
mendation merely involves applying, at a time some months earlier, 
the same amount of labor as is necessary in the spring. The best 

solution of the difficulty arising from the tenant system would be in the 

inclusion, in the agreement between the landlord and the tenant, of a 
provision which would bind the latter to clean the land thoroughly 
before leaving it. 

In a comparatively small area in southwestern Texas it might be 
considered that there would be a further objection in the practice, 
which some farmers have, of encouraging the growth of volunteer or 
seppa cotton in the hope of procuring an early and inexpensive crop. 
As has been repeatedly pointed out by the Department of Agriculture, 
this is beyond question the worst possible practice in weevil-infested 
regions. The disastrous experience of several counties in the southern 
portion of the State during the present season has abundantly demon- 
strated the force of the warnings that have been issued from time to 
time. The staple produced by volunteer plants is short, kinky, and 
undesirable. Before the advent of the weevil, the only reason for en- 
couraging such growth was to procure the first bale. Now, on account 
of its very detrimental bearing on the weevil problem, any attempt to 
raise cotton from volunteer cotton should by all means be discouraged. 

The point may be raised that the burning of the plants in the fall 
removes valuable fertilizing constituents and that the continuance of 
the practice would seriously reduce the fertility of the soil. In refer- 
ence to this matter, however, it must be stated that the present general 
practice is to clear the fields by burning the plants in the spring. 
Therefore, practically the only additional draft upon the soil by the 
method recommended is in the burning of many of the leaves and a 
portion of the roots. However, destruction of the plants can only take 
place after many of the leaves have fallen, and, in other cases, when 
the plants have become completely defoliated by the cotton caterpillar. 
The fertilizing constituents in various parts of the cotton plant have 
been carefully determined.! An estimate of the value of all the con- 
stituents which could possibly be removed by fall destruction, based 
upon the schedule of trade values adopred by Eup erneiy stations — 


1 See Bulletin 33 of the Office of ‘Teepeninuen Seaone of this ine patmont pp. 
81 to 142. 
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1898, shows that the loss per acre would be very small. It is plain 
that the planter could not only regain this small loss, but actually 
greatly increase the fertility of the land by the use of commercial fer- 
tilizers, which would cost an inconsiderable amount in comparison with 
the gain in the following crop, as a result of lessened damage by the 
boll weevil. 

As a matter of fact, the preceding objections are not necessarily 
sesious. They deal with general changes in cotton culture made neces- 
sary by the ravages of the boll weevil. As is beginning to be well 
known to Texas planters, it will not be possible for tenants to work as 
much land as formerly. More cotton will be produced by decreasing 
acreages and increasing the attention given to what remains. If this 
is done, the objections mentioned will largely disappear. 


NECESSITY FOR A LAW. 


The critical seriousness of the weevil problem, together with the 
demonstrated necessity of fall destruction, led to the recommendation, 
first made by Dr. L. O. Howard in Circular No. 14 of this Bureau, 
February 12, 1896, that some legal means of enforcement be provided 
by the legislatures of the States concerned. The recent work of the’ 
Department has all pointed towards the prime importance of this matter. 
Although there are no exact precedents for such a law, it is believed 
that its passage and enforcement would plainly be within the police 
powers of the State. It would not necessarily be essentially different 
in principle from the laws regarding the control of insects injurious to 
fruit trees, which are now in force in many States. Dr. Howard states: 
“The law should provide for the appointment of commissioners in each | 
county. These commissioners should be empowered to enforce remedial 
work, to levy penalties, or to have the work done by their own agents, 
the cost to be assessed upon the property. It will be well to let this) 
law have a wide bearing and not confine its application to this particu- 
lar insect, but cover all injurious insects in case of future emergencies 
of a similar nature.”’ 

Mr. Jefferson Johnson, of Austin, Tex., whose extensive experience 
as a cotton planter and as chairman of the board of award under the 
Texas law appropriating a large sum as a reward for the discovery of a 
successful remedy for the boll weevil has made him thoroughly con- 
versant with the habits of the pest, as well as with all means of con- 
trolling it which have been suggested, is firmly of the opinion that the 
time has come for the enactment of such a law. 

From the present outlook, therefore, and as a result of extensive work 
with the boll weevil for several years, the Department of Agriculture 
warmly recommends the passage of laws regulating fall destruction of 
the cotton plants in the manner described in this circular in the States 
of Texas and Louisiana. 
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: CONCLUSION. 
' Having studied and tested the methods of weevil control which have 
hitherto been recommended, the writer firmly believes that the destruc- 
‘tion of the stalks in the early fall is the most effective method known 
‘of actually reducing the numbers of the pest. This destruction will 
cost but a small fraction of the expense necessary in the frequent pick- 
‘ing up in the spring of the squares infested by the hibernated weevils, 
and is far more thorough as a means of reducing the numbers of the 
weevils than is the practice of picking hibernated weevils from the 
young plants. Early destruction of the stalks is essential to the greatest 
success of any system of controlling the pest. All other practices rec- 
ommended, though very valuable in securing a crop, are of the greatest 
value as they are followed in connection with this one prime essential. 
Since the earliest investigations of the boll weevil made by this Depart- 
ment, it has been recognized that this practice is of the first importance, 
and the experience of recent years has added but certainty to this con- 
viction. A number of planters have adopted it, and their work has 
abundantly demonstrated its efficiency. Jt must not be thought that 
the procuring of the immediate crop is the only thing to be desired. 
Karly and complete destruction of the stalks is undoubtedly the most 
important single element insuring success for the subsequent year. 

Concerted action in fall destruction is, of course, desirable. The 
ereatest benefit will only result when whole communities adopt the 
method. But no planter should hesitate on account of the indifference 
of his neighbors. The fact that weevils move about but little until the 
time when the bulk of the crop is safe will assist materially in saving 
one field though nearby ones have not been properly treated, and, even 
under such circumstances, the success of the method in one field will 
be a powerful stimulus toward its general adoption the following season. 

It is true that the recommendations contained in this circular involve 
considerable change in the practice of producing cotton. Nevertheless, 
the important changes that have been brought about up to this time in 
the use of improved seed and fertilizers have also been revolutionary in 
their character. It is hoped by the Department that the agencies that 
assisted in that matter—namely, organizations of business men—will 
everywhere devote the same energy towards encouraging the practice of 
what is, after all, the most important step in maintaining the supremacy 
of the cotton crop in the weevil regions. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D, C,, October 10, 1904. 
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CIRCULAR No. 57. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY. 
L. O. HOWARD, Entomologist. 


THE GREENHOUSE WHITE FLY. 
(Aleyrodes vaporariorum Westw.) 


By A..W. Morrit1, 
Special Field Agent. 


The damage by the greenhouse white fly to tomato, cucumber, and 
many other plants growing under glass easily places it in the front 
rank of greenhouse pests. In many cases it would be impossible to 
zrow certain crops in forcing houses without the aid of remedial 
measures. A specific instance is on record where, in a western Massa- 
‘husetts town, the attacks of this insect resulted in the total loss of a 
2reenhouse crop of tomatoes and cucumbers valued at $4,000. 
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Fig. 1.—Aleyrodes vaporariorum: a, egg; b, young larva; ¢, pupa, top view; d, pupa, side view; 
é, adult—e, d, e, about 25 times natural size; a, b, still more enlarged (a-d, after Morrill, Tech. Bul. 
Mass. Exp. Sta.; e, original). 
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During the past few years many appeals for remedies have beer 


made to the editors of our horticultural journals, to many State exper- © 


iment stations, and to the United States Department of Agriculture; 
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yet, although it is not, in reality, a difficult insect to control, the — 


remedial methods which should be followed are far from being gener- 


ally known among the many greenhouse men who suffer from its 


depredations. 


HISTORY, ORIGIN, AND DISTRIBUTION. 


The records of the greenhouse white fly date back to 1856, * when 


Prof. W. O. Westwood, of England, recognized it as a previously — 


undescribed species. The first published record, so far as is known to 
the writer, of the existence of the insect in this country was in the 
year 1870, when Dr. A. S. Packard, at that time Massachusetts State 
entomologist, reported it as occurring in abundance on tomato plants 
at Salem, Mass. ? 

Two places have been suggested as the original home of this 
species, viz, Mexico and Brazil, but while presumably the origin is 
tropical American, there is no definite information on this point. Of 
more importance from a practical standpoint is its present distribu- 
tion. Besides its occurrence in Europe, Canada, and Mexico, it is 
known to be widely distributed in greenhouses throughout the eastern 
United States, and without doubt it occurs more generally than the 
published records show. We have specific reports of its occurrence 
in greenhouses in the States of Maine, New Hampshire, Massachusetts, 
Connecticut, New York, New Jersey, Pennsylvania, Illinois, Indiana, 
and Michigan, also in the District of Columbia. 


FOOD PLANTS. 


The insect under consideration is notable for its very general feed- 
ing habits, having already been recorded as breeding on over 60 dif- 
ferent kinds of plants. Of these the following are of the most eco- 
nomic importance: Aster, chrysanthemum, salvia, lantana, fuchsia, 
coleus, ageratum, primula, geranium, heliotrope, rose, eggplant, bean, 
melon, lettuce, cucumber, and tomato. The two last named suffer the 


most serious injury from this insect, perhaps more than the other 


greenhouse plants together, although not infrequently there are 
reported serious losses in greenhouses devoted to one or more of the 
other plants mentioned. 


DESCRIPTION AND LIFE HISTORY. 


The mature white flies of both sexes are four-winged insects scarcely 
more than 14 mm. or three-fiftieths of an inch in length. The adult 


a@ Gardeners’ Chronicle, p. 852. > Agriculture of Massachusetts for year 1870. 
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white flies, as well as the scale-like larvee, are provided with sucking 
mouth parts. Ina short time after the emergence of the adult from 
the pupa case, the body, legs, and wings become covered with a white, 
waxy substance which gives this, as well as other species of the genus, 
a characteristic floury appearance. The adults feed nearly contin- 
uously during their existence. If deprived of food, they will rarely 
live for a longer period than three days under ordinary temperature 
conditions. The longest recorded length of life of one of these insects 
in the adult condition is thirty-six days, but it seems probable that the 
average ‘ength of adult life is much greater than this instance would 
indicate. The largest number of eggs which an adult white fly is 
positively known to have deposited is 129, but this number is probably 
below the average. Indeed, the specimen which produced this num- 
ber of eggs with little doubt deposited over 50 others which were not 
recorded. The number of eggs deposited per day by an adult female 
white fly in a laboratory has been found to average very nearly four. 
Probably in the warmer temperature of a greenhouse this number is 
greater by one or two eggs per day. These observations, even though 
falling short of showing the normal increase in numbers of this spe- 
cies, emphasize the importance of a remedy which will, above all, 
destroy the adults and check at once the rapid deposition of eggs. A 
pecularity of the egg-laying habits of this and some other species of 
white fly is the tendency to deposit the eggs in a circle while feeding, 
using the beak asa pivot. These circles, when completed, are about 

+ mm. in diameter and usually contain from 10 to 20 eggs each. On 
the more hairy leaves groups of eggs of this kind are less frequently 
met with than on those which are more nearly smooth. The majority 
of the adults are found upon the upper and newer leaves of the food 
plant. They are almost invariably found upon the underside of the 
leaves, and it is here that nearly all the eggs are deposited, although 
many are found upon the tender stems and leaf petioles and a very 
few scattering ones on the upper surfaces of the leaves. 

The eggs are distinguishable with difficulty by the naked eye, being 
but one-fifth of a millimeter, or one one hundred and twenty-fifth of an 
inch, in length. They are more or less ovoid in form and suspended 
from the leaf by a short,slender stalk. With ordinary greenhouse 
temperatures the eggs hatch in from ten to twelve days. The newly 
hatched insect is flat, oval in outline,and provided with active legs and 
antenne. It rarely crawls farther than one-half inch from the empty 
eggshell before settling down and inserting into the tissue of the leaf 
its thread-like beak. After feeding for five or six days, the insect is 
ready to molt its skin. The second and third stages are much alike, 
except in size, and differ principally from the first stage in that the 
legs and antenne are vestigial and apparently functionless. These two 
stages occupy from four to six days each. 
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The so-called pupal stage, up to the time when growth ceases, is in 
reality the fourth larval stage, the fourth larval skin enveloping the 
true pupa. The pup and empty pupa skins are quite conspicuous 
when the insects are abundant. Their outline is similar to that of the 
larve, but they are thicker and box-like, about three-fourths of a mil- 
limeter, or three-hundredths of an inch,in length and provided with 
long, slender wax rods or secretions which are useful in distinguishing ~ 
this from nearly allied species of the white fly. 

The entire stage from the insect’s third molt to the emergence of 
the adult form lasts from twelve to sixteen days in the laboratory and 
greenhouse. The adult emerges from a T-like opening, leaving the 
glistening white pupa case attached to the leaf. At first the wings of 
the adult are crumpled close to the body, giving them a peculiar 
appearance. In the course of a few hours the wings unfold and the 
insect has then completed its development, which has extended over 
nearly five weeks, if under the ordinary temperature conditions of a 
greenhouse. 

CLOSELY RELATED FORMS. 


In addition to the one here discussed, there are but two other species 
of white flies which are likely to be met with in the greenhouse. <A 
white fly found infesting citrus plants would be likely to be the 
orange white fly (Aleyrodes citri Riley and Howard), while one infest- 
ing strawberry plants, either in the greenhouse or in the field, would 
probably prove to be the strawberry white fly (Aleyrodes packardi 
Morl.). The latter species resembles the one commonly found in green- 
houses, but fortunately its list of food plants is much more restricted, 
it being apparently unable to subsist on the tomato. 


APPEARANCE OF INFESTED PLANTS. 


As already stated, the upper leaves of a plant are preferred by the 
adult females for the deposition of their eggs. Thus there is a slow but 
continuous migration of adults upward to keep pace with the unfolding 
of the leaf buds. On thoroughly infested plants we find on the upper- 
most leaves only adults and freshly laid eggs; a little lower on the 
plants we find eggs in the process of hatching; and, finally, on the 
lowermost parts of the plants we find discolored, shriveled leaves with 
many pup and emerging adults and few, if any, unhatched eggs or 
young larve. The larve and pupe secrete little globules of honey- 
dew, so named after the material of a like nature secreted by plant 
lice. These globules usually either drop or are forcibly ejected, and, 
falling on the upper surface of leaves directly below, give them a 
glazed appearance. This is frequently followed by the growth of a 
sooty fungus which hastens the complete destruction of the leaf. 

When overcrowding of the young occurs, this fungus growth finds 
favorable conditions for its development on the under surface of the 


F 
leaf, resulting in the destruction of many of the immature insects. 
Owing to the interference with the respiratory processes of the leaf, 
both by the bodies of the insects themselves and by the fungus growths 
due to them, badly infested plants have a tendency to wilt when exposed 
to the sun’s rays. In seriously infested greenhouses the leaves of the 
plants gradually die, the lower leaves first, and if unchecked the insects 
greatly impair the value and vitality of the plants, even though they 
do not actually cause their total destruction. 


PREVENTIVES. 


The importance of preventive measures in combating the white fly 
in greenhouses is not due to the inefficiency of properly applied reme- 
dies, but to the fact that in many cases the tiny depredator is unob- 
served until considerable injury has been accomplished. With little 
trouble and expense one may, in a large measure, preclude the possi- 
bility of this and other pests appearing inthe winter in greenhouses 
which are unused during the summer months. The introduction of 
the insect into noninfested floral establishments may be prevented by 
avoiding the introduction of infested plants unless first subjecting 
them toa fumigation ina tight fumigating box, based on the directions 
hereafter given for entire greenhouses. Vegetable houses, which are 
not used during the summer months, allow of a practice which not only 
greatly reduces the chances of the white fly appearing in the house 
during the growing season, but may result in the house being success- 
fully kept free from thrips and other insect pests during the whole ora 
considerable part of the season. The practice referred to consists in 
removing from the house all vegetation, even the smallest weeds, and 
fumigating the tightly closed greenhouse with hydrocyanic-acid gas at 
the rate of 5 or more ounces per thousand cubic feet of space for a ten 
hours’ exposure. 

REMEDIES. 


Fumigation with hydrocyanic-acid gas.—This has been found to 
be the most successful means of controlling the white fly in green- 
houses. Its success in this case is due to the susceptibility of the 
adults and larve of these insects to a comparatively long exposure to 
a small amount of the gas. Many experiments have been conducted 
with a view to determining the usefulness of this gas against the 
greenhouse white fly, the amount of gas to be generated, and the 
length of exposure necessary to produce the best results.” Experi- 
ments of this kind thus far have been with tomato and cucumber 
plants, but as these plants are among those most liable to injury from 
improper fumigation with hydrocyanic-acid gas, a wide range of use- 
fulness is indicated by the success thus far obtained. 


@Conn. Station Bul., No. 140; New Hampshire Station Bul., No. 100; Mass. Station 
Tech. Bul., No.1; Maine Station Bul., No. 96; Can. Entomologist, XXXVI, p. 35; 
American Gardening, XIX, p. 741. 
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Amount of potassium cyanide to use and length of exposure.— 
Experiments and practice have shown that the white fly is destroyed 


_ “a ft = 3h = nas 


in all except two stages (egg and late pupal) by an amount of potas-__ 


sium cyanide which is extremely small as compared with the amounts 
generally recommended for other insect pests. As small an amount 


as 0.005 gram? per cubic foot of space, or between one-fifth and one- 


sixth ounce per 1,000 cubic feet, for three hours’ exposure, has been 
used with success, ? while as large an amount as 1 ounce per 1,000 cubic 
feet for an ‘‘all-night exposure,” in a house containing infested toma- 
toes, has been reported to have given, in one instance, a like result.¢ 
On the other hand, Mr. E. C. Rittue, of the Bureau of Plant Industry 
of the Department of Agriculture, in attempting to control the 
white fly infesting tomatoes in a greenhouse on the grounds of the 
Department, found that 0.01 gram per cubic foot, or one-third ounce 
per 1,000 cubic feet, slightly injured the plants when the exposure 
exceeded thirty minutes. This treatment for thirty minutes destroys 
only the adults. The greenhouse is a new one and, judging from the 
great difference in the results obtained there and in other houses 
whose fumigation has been recorded in various publications, it is 
tighter and does not allow the gas to escape as readily as does the 
average forcing house. | 

This shows that the greatest difficulty attending the use of hydro- 
cyanic-acid gas, in greenhouses containing plants as susceptible to 
injury by it as are the cucumber and tomato, is the difference in the 


tightness of different greenhouses. It is consequently impossible | 


to give specific directions which will be suitable under all cireum- 
stances. A fumigation with hydrocyanic-acid gas which will kill 
adults only is not effective for practical use in checking the multipli- 
cation of the white flies. Rather than this, the method of control 
described under the heading, ‘‘ Treatment when the use of hydrocyanic- 
acid gas is undesirable,” is greatly to be preferred. 

In most greenhouses, probably 0.007 gram of potassium cyanide for 
each cubic foot of space for an exposure not exceeding three hours 
represents the amount which will prove most effective for treatment 
of the insects without injury to tomato or cucumber plants. In many 
cases 0.01 gram per cubic foot has been found suitable for the same 
exposure, but this should not be used except in loose greenhouses 
where, after trial, a smaller amount is found ineffective. In all green- 
houses when an attempt is to be made to control the white fly with 
hydrocyanic-acid gas, it is advisable to first use not more than 0.005 
gram per cubic foot of space for a three hours’ exposure. If this 
amount is sufficient for the house, none of the adults will recover after 
the fumigation, though in the course of two or three days many more 


@ 28.35 grams=1 ounce. b Mass. Station Tech. Bul., No. 1, p. 46. 
¢ American Gardening, XIX, p. 741. 
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will emerge from the pupa cases. The larvee, when destroyed, as they 
should be by the fumigation, change in two or three days from their 
normal glistening, greenish color to a yellowish or brownish color. 
When this result is not obtained by the first test, one or more further 


_ tests should be made, increasing the amount of potassium cyanide 


0.001 gram per cubic foot of space for each test, with three days inter- 
vening to note results, until an amount is reached which is sufficient to 
destroy the larve, or until the tender leaves of the plant show injuries 
as a result of the fumigation. 

Tests, thus far, with other greenhouse plants likely to be attacked 
by the white fly, according to available records, have all been for a 
much shorter exposure than three hours and with a much larger 
amount of potassium cyanide, but it is probable that in case plants 
other than the cucumber and tomato require treatment for this insect, 
preliminary tests in a fumigating box or in a small greenhouse will 
show that the amount of chemicals and length of exposure recom- 
mended for these two can be used without the slightest danger to other 
plants. In most cases much larger rates of potassium cyanide per 
cubic foot can be used. 

Time to fumigate, preparation of greenhouse, and method of gener- 
atiny gas.—Fumigation of plants with hydrocyanic-acid gas should be 
at night and the foliage of the plants should be dry. The greenhouse 
to be treated should be made as tight as possible, all entrances but one 
closed and locked, and arrangements made to open a few ventilators 
from the outside at the expiration of the period of exposure. A house 
when fumigated should not be unnaturally tight as a result of rain 
or snow, otherwise the greater amount of gas confined in it under 
these conditions may injure the plants. The materials used for the 
generation of the gas are 98 per cent potassium cyanide, commercial 
sulphuric acid, and water, the proportions generally used being one- 
half more acid (liquid measure) than potassium cyanide, and one-half 
more water than acid. Having determined the cubic contents of the 
house and the total amount of potassium cyanide, sulphuric acid, and 
water to be used, these should be divided into parts representing each 
25 feet of length of the greenhouse. Owing to the small amounts of 
the acid and water, small receptacles must be used. Six or 8 inches 
is a desirable height for the receptacles, while the diameter should be 
as small as possible to use, preferably not more than 23 inches. They 
should be either of earthenware or glass. In many cases, ordinary 
glass tumblers will be suitable, though the diluted acid should never 
more than one-fourth fill the receptacle; otberwise the violent chem- 
ical action which follows the introduction of the potassium cyanide 
might result in the loss of considerable of the material. Each lot of 
the potassium cyanide should be pulverized or broken up into small 
pieces, wrapped in thin paper, and laid beside one of the receptacles, 
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these being placed at intervals of about 25 feet on the floor of the 


house. In each receptacle first pour the proper amount of water and — 
then the acid. Beginning with the end of the house farthest from the — 
exit, drop into each receptacle, in succession, the package of potas- — 


sium cyanide, proceeding as quickly as possible toward the exit. 
During the few seconds the operator is in the house after the genera- 
tion of the gas is started, the breath should be held to prevent even 
the least bad effects. Close and lock the door of the house and, after 
three hours, partially ventilate it by opening the ventilators, pre- 


viously arranged for opening from the outside. One ventilator for | 


every 25 or 30 feet, opened for ten or fifteen minutes, is sufficient to 
protect the plants from possible bad effects of overexposure to the 
gas. Before inhaling air in the house, however, the ventilation should 
be more thorough, so that no odor of the gas, which is much like that 
of peach pits, can be detected. The morning after the fumigation the 
contents of the receptacles should be buried. 

Time for subsequent fumigations.—A single fumigation, according 
to the directions given above, will destroy practically all of the insects 
except the eggs and some of those in the late pupal stage. Although 
one such treatment might check the insects so that they would not cause 
noticeable damage for weeks, in many cases it would be the part of 
economy to give two more fumigations at times which a knowledge of 
the life history of the white fly indicates would be most advantageous. 
Knowing that the egg and late pupal stage of the insect are not to 
any great extent affected by the treatment recommended, while all the 
other stages may be destroyed, and knowing the duration of each 


stage, we can outline a plan of treatment which will practically eradi- 


cate the pest in the worst-infested greenhouses. Two subsequent 
fumigations two and four weeks, respectively, after the first will sub- 
ject to the gas all of the white flies in the house in stages wherein, 
under ordinary circumstances, they are unable to withstand its destruc- 
tive effects. 

Treatment when the use of hydrocyanic-acid gas is undesirable.— 
Fumigation with tobacco fumes, made by burning the refuse stems 
and leaves, has no effect on the greenhouse white fly beyond tempo- 
rarily stupefying the adults. The adults may be destroyed, however, 
by vaporizing in the infested house certain tobacco extracts which 
are sold in liquid form. To accomplish this result preliminary tests 
should be made, first using the amount recommended in the directions 
accompanying the preparation. The attempt to control the green- 
house white fly by means of tobacco extracts alone has never, to the 
writer’s knowledge, proven successful, while many cases of failure 
have been reported. The frequent fumigation necessary to control 
the insect when once it has become abundant would be impractical 
and costly. However, in connection with syringing the plants with a 
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‘ioap solution such a treatment may sometimes be of value, although 
!mly when the use of hydrocyanic-acid gas 1s impossible or for some 


i Among the sprays, the best brands of whale-oil soap, used in the 
|proportion of 1 to 14 ounces per gallon of water, have been found to 
destroy all of the white flies except the eggs, a small percentage of 
ihe nearly mature pups, and from 25 to 50 per cent of the adults 
\which escape the spray by flying from the plants. It is not advisable 
io syringe tomato plants in greenhouses at any time, when avoidable, as 
lsyringing interferes with pollination and produces a damp atmosphere 
which promotes rot, but the injury by syringing may be as nothing 
}zompared with that which is caused daily by the insects. When the 
Wise of hydrocyanic-acid gas is impractical, an all-night fumigation with 
|, tobacco extract is recommended, followed during the next day by 
‘i, syringing with a solution of whale-oil soap or its equivalent. 

| Oomparative cost of the treatment.—Potassium cyanide costs from 
‘about 30 to 50 cents per pound, according to the amount purchased. 
‘Commercial sulphuric acid costs from about 25 to 10 cents per pound. 
‘The entire cost fora single fumigation of a greenhouse containing 
20,000 cubic feet is between 20 and 30 cents. The labor required is 
scarcely, if any, greater than for fumigation with other materials. 
'A single fumigation with a suitable tobacco extract would cost, in a 
house of the same size, at least $1.50, and the cost of labor for the 
syringing which is recommended to follow such fumigation would prob- 
ably not be less than $1. The soap required would cost only a few 
cents, though possibly as much as the materials used in a fumigation 
‘with hydrocyanic-acid gas. 


CAUTIONS. 


Hydrocyanic-acid gas is one of the deadliest poisons known, and 
‘should always be handled with the greatest care. Never hold the 
potassium cyanide in the bare hand when pulverizing, but wrap up 
‘the lumps in two or more thicknesses of cloth before breaking with a 
‘hammer. Dust or small pieces of potassium cyanide should not be 
thrown away in exposed places, but always buried, as should the con- 
jtents of the receptacles of the chemicals after the fumigation. Never 
inhale air in a greenhouse after the generation of gas has begun, 
‘and provide against anyone entering the house before it is properly 
ventilated. 


Approved: 
| JAMES WILSON, 
Secretary of Agriculture. 


Wasuinaton, D. C., February 15, 1905. 
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Bye Ch lu SVAREATT: 


In charge of Experimental Field Work. 


The renewal, in the summer of 1904, of excessive damage by the 
gypsy moth in the woodlands about Boston, and more or less in the 
residential districts, was brought to the attention of the Secretary of 
Agriculture primarily by Congressman Ernest W. Roberts, of Chel- 
sea (Boston), and about the same time, also, by the secretary of the 
Massachusetts State board of agriculture, Mr. J. Lewis Ellsworth, 
in a letter addressed to the Entomologist of the Department. In com- 
‘pliance with the request of Mr. Roberts, the Secretary of Agricul- 
ture authorized a thorough investigation of the present status of the 
gypsy moth in Massachusetts, and, at the same time, of the brown- 
tail moth. Acting under instructions from the Entomologist, Dr. 
iL. O. Howard, the writer spent some three weeks (July 1-22) in 
jgoing over the infested districts about Boston, and visiting certain 
‘localities in adjoining States. The conditions found, relative to the 
‘two pests named, are summarized below. 


THE GYPSY MOTH. 


(Porthetria dispar Linn.) 


The work of the gypsy moth committee terminated in January, 
1900. The condition of the infested district about Boston at that 
‘time, as shown by the reports of the committee, and by careful exam- 
inations made by the Entomologist, Doctor Howard, and also, a little 
prior to the termination of the work, by the writer, was most satis- 
‘factory, from the standpoint of control, at least. In other words, 
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the very efficient and careful work of the agents of the committee had J 
exterminated the moth in many of the restricted outer colonies, 
reduced it to inconsiderable numbers in others, and prevented defolia- 
tion in the more generally infested districts. The policy of the com- 
mittee had been to effect extermination, as fast as possible, in the 
outer portions of the infested region, working gradually inward, but 
at the same time keeping up sufficient work in the central districts to 
prevent any material injury. 

In the prosecution of this work the committee had apparently good 
reason to believe that.extermination had been effected in a great many 
isolated colonies, including a considerable number of large and 
important ones, and it was believed by them that with sufficient funds 
actual extermination of the insect over the entire region of infestation 
would ultimately be accomplished. Whether this was possible or 
not, at least it had been demonstrated that the gypsy moth could be 
exterminated in isolated colonies, and reduced to inconsiderable num- 
bers, or to a status approaching extermination, in areas of more gen- 
eral infestation. 

With the cessation of the operations of the gypsy moth committee 
under State appropriation, the gypsy moth was left to multiply and 
spread at will, save for work undertaken here and there by individ- 
uals, and, in the residential districts, by the local authorities of many 
of the infested towns, the latter work being usually under the charge 
either of tree wardens or of street commissioners. In the case of the 
Fells reservation, also, a good deal of work has been done, especially 
during the last two years, under the general direction of Mr. B. de 
las Casas, chairman of the Metropolitan Park Commission, by Mr. 
Charles F. Price, in charge of the reservation. Other large areas of 
forest infestation, such as those surrounding the Lynn woods, and 
many private estates, have gone practically untreated. In the resi- 
dential districts of some towns very good work has been done, as 
noted, by individuals or the town officials; and, while the gypsy 
moth has not been exterminated in these districts, it has been kept 
down, so that no marked defoliation of street and yard trees has 
resulted. 

The amount expended during the last two years in such work of 
control, judging from careful inquiry and estimate, probably almost 
equals the amount expended by the State during the years of its 
most active operations against the gypsy moth, namely, approaching 
$200,000. A single individual, Gen. S. C. Lawrence, has, for the last 
three years, had a large force of men working on certain gypsy moth 
colonies in his own and adjoining forest lands, expending each year, 
as he assures the writer. more than the actual value of the lands. 
Hundreds of individuals in each town have expended sums ranging 
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from $10 to $100 in the control of the gypsy and brown-tail moths. 
Nearly every town corporation has made expenditures of from a few 
hundred dollars to several thousand dollars for the same purpose. A 
number of experts, or foresters, have gone into the business of clear- 
ing the premises of individuals of gypsy and brown-tail moths, and 
find constant employment for considerable forces of men. In general 
this work is excellently done. The chief difficulty, however, is that 
this and other work against the moths is scattering or patchy; in 
other words, while some take good care of their property, others give 
no attention to theirs, thus leaving numerous spots for the unchecked 
multiplication of the pests. The result is, that while practically as 
much money is now being expended as was formerly spent by the 
State, the results are by no means comparable, from lack of general 
direction and uniformity. 

As a consequence of the general reduction in the number of gypsy 
moths at the close of the work by the State, for the first two years 
very little notable damage was exhibited in either the woodlands or 
the residential districts. In September, 1902, the writer made a 
rather careful survey of the worst gypsy-moth regions, in company 
with Mr. A. H. Kirkland, former entomologist of the gypsy moth 
committee. At this time very little damage in the way of actual 
stripping of considerable areas of woodland was to be seen. <A few 
comparatively small areas of actually-defoliated woodland were 
found, and the general presence of the moth was noted in the central 
residential districts always worst infested, but even here there was 
very little actual stripping. There was ample evidence, however, that 
the moth was on the increase, and promise of considerable damage in 
the immediate future. The comparatively little injury in the wood- 
lands in 1902 was a matter of surprise, and the suggestion was made 
by Mr. Kirkland that this had probably resulted from the attack of 
birds and other natural enemies. The greater scarcity of such nat- 
ural means of control in the residential districts was suggested as the 


explanation for the greater infestation here noted. 


The conditions found in 1902 scarcely prepared the writer for the 
status shown in the course of the investigations just completed. Dur- 
ing the years 1903-4 the gypsy moth had evidently made extraordi- 
nary progress, and a condition of infestation and defoliation or strip- 
ping was found which the writer had never before seen in the gypsy- 
moth region, and which was undoubtedly many times greater than in 
the worst of the earher years of gypsv-moth damage. 

In company with Mr. A. H. Kirkland, as assistant and guide, the 
writer made a thorough investigation of substantially all of the 
regions about Boston known to have been infested by the gypsy moth 
in 1900, and of certain new colonies which have been discovered since 
that time. On one occasion we were accompanied by the gypsy moth 
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committee of the Massachusetts State board of agriculture, General 
Lawrence, Professor Fernald, and others, in a tour of inspection 
throughout the worst districts in Medford, Malden, Melrose, and the 
Middlesex Fells reservation. Another day we were accompanied by 
Congressman Roberts and local officials from several of the worst 
infested towns, and also by Mr. Las Casas and Superintendent Price 
of the Fells reservation. In various towns we received assistance and 
guidance from the local tree wardens and street commissioners, and 
notably, in Newton, from Mr. C. W. Ross, street commissioner. On 
four days Mr. Kirkland and the writer were accompanied by Mr. H. 
L. Frost, a forester who has been doing excellent work in the control 
of the gypsy and brown-tail moths in Arlington and other towns. A 
map (fig. 1) of the infested areas was prepared and accompanies 
this report. 

The present area infested by the gypsy moth, as shown by the care- 
ful examinations made, is substantially the same as at the close of the 
work by the State of Massachusetts. There has, in other words, 
apparently been very httle extension in the area infested. Some 
important new colonies were discovered, but these were within the 
general limits of the old range of the insect. The failure of the gypsy 
moth to widely extend its range during the four years since 1900 is 
largely due to the fact, already noted, that at the close of State opera- 
tions against this insect it had been reduced to such inconsiderable 
numbers that it was not until the present summer (1904), or perhaps 
to a less extent in the summer of 1903, that it had gained sufficient 
headway to furnish favorable conditions for distribution and the 
establishment of new colonies. Its excessive multiplication in the 
summer of 1904 will very probably lead to considerable extension of 
ue range, and many new colonies will undoubtedly be started this 

ear (1905). 

The area of worst infestation, where general stripping of forests 
has resulted, extends in a broad avenue from Arlington and Winches: 
ter, or more properly from the western border of the Mystic Lakes, 
across Medford, including the southern edge of the Fells reservation, 
a portion of Melrose, and the upper half of Malden, and continues 
eastward through Saugus to the Saugus River. In this region the 
forests and the street trees are, as a rule, very generally defoliated 
and as bare as in winter, and altogether several thousands of acres of 
completely defolated woodland occur in this strip. Spots of strip- 
ping ranging from 50 to several hundred acres, as indicated on the 
map by the cross-hatched areas, were found in Winchester, Lexing- 
ton, Woburn, northern Melrose, and Saugus; and there were ee 
considerable areas bounding the northern side of the Lynn woods, 
a single large colony in the center of the Lynn woods just above 
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Valden Pond, and areas in Revere, Belmont, Watertown, and western 
Jambridge. 

Scattering infestation, that is, the occasional or fairly general 
ecurrence of the larve of the gypsy moth, without, however, result- 
ng in complete or notable stripping of the street trees and forests. 
was found through much of the southern half of the Fells reservation, 
‘nd practically throughout the towns lying within the area of worst 
infestation indicated, and as far south as the Charles River. Exterior 
‘o this area of general infestation, scattering presence of the gypsy 
‘aoth was found in Lexington, Winchester, and Woburn to the north- 
vest; in Stoneham, Wakefield, Saugus, and Reading to the north; 
nd in Peabody, Salem, Beverly, Marblehead, and Lynn to the north- 
jast. To the west, Arlington, Belmont, Watertown, and Cambridge 
yest of Harvard Square are much infested. In Newton there are 
yerhaps some twenty-five small points of infestation, as reported by 
he street commissioner, Mr. Ross. Very good work in the way of 
control has been done in this town, and with the exception of the new 
‘olony located near Newton post-office, on the Van Etten estate, only 
‘cattering larve were found. The colony just referred to was dis- 
sovered last year (1903), and represents a spot of bad infestation, 
‘overing a considerable area of garden, orchard, and ornamental 
dlants. In the southern portion of Newton is located one of the 
yorst of the outer colonies found during the course of the work of the 
yypsy moth committee. This colony, near the intersection of Dedham 
ind Parker streets, originally covered several hundred acres of wood- 
and, and was made the subject of very thorough extermination work 
yy the committee. This work has since been followed up to some 
xxtent under the direction of Mr. Ross. A careful examination of 
his area shows much of it still free from the gypsy moth, but oeca- 
sionally larve were found, showing that there is still a scattering 
nfestation here and there which in a few years will be sufficient to 
repeat the damage of 1896, when the colony was first located. No 
‘arve were found in 1902 or 1903 in the area covered by this colony, 
and the insect is evidently, therefore, just beginning to get a new 
start. In South Boston the gypsy moth has increased very little, and 
the extermination of several of the worst colonies seems to have been 
affected. This is true of the Dorchester colony (Sargent street), 
Where a considerable residential area, including also some forested 
hillsides which were badly infested in 1898, shows now no examples 
of the insect. The infestation still exists in the residential district at 
West Cottage street, Dorchester. In the old colonies examined at 
Brookline no Jarve or other indications of infestation were found. 

One of the most interesting features of the investigation was the 
demonstration that in a good many areas the careful work of the 
gypsy moth committee has resulted in the extermination of the insect. 


| 


This is due entirely to the work of the committee in some instances, | 
and in others, where the work of the committee was only of one or | 
two years’ duration, the insect had evidently been reduced to such | 
inconsiderable numbers that the natural enemies had completed the 


work of extermination. This is notably the case in the Georgetown 


colony, which had only one year’s work. Other bad colonies in which | 
the gypsy moth has not reappeared are Mount Gilead colony in Lynn | 
woods, the colonies at Spring Pond, Peabody, Cedar Hill in Swamp- 
scott, Sargent street in South Boston, the Overlook colony in Frank- | 
lin Park, and a considerable colony in the extreme western portion | 


of the district in the town of Lincoln, the Schlesinger colony in 


Brookline, and a good many other less important points of infesta-_ 


tion. Several of the areas in which the gypsy moth committee) 


reported the moth as exterminated, and which now show slight | 


infestation, may have become reinfested from other districts in the 


intervening years. The exterminated colonies enumerated, and the | 
general control shown at the close of the work of the gypsy moth } 
committee, indicate with sufficient emphasis that intelligent and/ 
efficient work against the gypsy moth will prevent any materia | | 


damage to woodlands or residential districts. 
This discussion of the gypsy moth has related entirely to the 


infestation about Boston. Numerous reports of infestation at remote |}, 
points, and occasionally in the adjacent States, have been received }, 


by the gypsy moth committee, and by others interested in this insect. 
All of these reports, with the exception of one, have.proven to be 


misidentifications, other insects having been mistaken for the gypsy. 
moth. Most of these reports are paced on the occurrence of the }, 
brown-tail moth, which has a much wider range, and which is very | 


commonly confused with the gypsy moth in the popular mind. 


While the writer was conducting these investigations about Boston | 
a very persistent and apparently well-authenticated report came to } 
his attention of the occurrence of a well-established colony of the } 


gypsy moth at Nashua, N. H. A visit to this town demonstrated 


that this, like most of the others, was an instance of confusion of the } 
gypsy moth with the brown-tail moth, the insect at Nashua proving § 
to be the latter species. In Massachusetts the most remote authentic ] 


point of infestation was in East Bridgewater. The writer visited 
this point and found that the insect had been actually introduced | 
here, possibly maliciously, or possibly accidentally, but had been 
thoroughly exterminated. The infestation was limited to an isolated | 
apple tree growing in the angle of a dwelling house, and was dis- 
covered in 1902. It proved to be a comparatively easy matter to 
thoroughly eradicate the pest here, and there was no evidence of 
work this year. | | 
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‘ The point of infestation referred to outside of the region about 
‘Boston is in the city of Providence, R. I. This mreetation has been 
‘made the subject of a special report by the Rhode Island State board 
of agriculture, namely, Bulletin No. 13, published September, 1901, 
‘by ihe late James M. Southwick, curator of the Roger Williams Park 
Museum. The discovery of the presence of this insect in Providence 
was made in July, 1901, and was investigated thoroughly at the time 
by Mr. Southwick, with the assistance of Prof. A. H. Kirkland, who 
was called down from Boston. When discovered the gypsy moth was 
‘confined to the west side of Providence, where it was established in a 
‘half dozen or more distinct colonies. The occurrence of these distinct 
centers of infestation, all of apparently the same age, in the heart of 
ithe city, leads to the suspicion that the insect may have been malici- 
ously colonized at these separate points. It is impossible to believe 
that these distinct colonies should have been accidentally started in 
Providence at the same time, especially in view of the difficulties in 
‘the way of the transportation of the gypsy moth and its very slow 
spread about Boston, as indicated by its history during the last thirty- 
ix years. The infestation in Providence illustrates one of the great 
dangers from the gypsy moth. It is readily spread by carrying egg 
taasses, and maliciously-inclined individuals can thus easily start new 
‘colonies at any distance from the present infested area. In view of 
this, as emphasized by the Providence infestation, it is highly desir- 
able that heavy penalties be provided for any malicious colonization 
of the gypsy moth. The important points of infestation in Provi- 
dence are indicated on the accompanying map (fig. 2). The writer 
Was assisted in locating their exact position by Messrs. Joseph D. 
Fitts, supervisor of parks, Providence, and C. A. Davis, present 
curator of the Roger Williams Park Museum. At the present time 
these colonies are still in existence, in spite of local work done in the 
way of control. Notable stripping has not occurred this year, but the 
Jarvee and pupsze were easily discovered at the points of infestation, 
land there is, therefore, opportunity for much increase in the future 

Pr a repetition of the experience about Boston. 


MEANS OF CONTROL. 


The work of the gypsy moth committee of the State of Massachu- 
Setts developed a number of means of controlling the moth of the 
highest practical value and efficiency, and Heehine can now be sug- 
gested in the way of improvement on these methods. The general 
jadoption and enforcement of these will undoubtedly keep the gypsy 
moth in substantial control, so that no material damage to woodlands 
‘or to shade trees in residential districts need be feared. In the case 
‘of small properties, or where but a few trees are to be protected, these 
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means of control can be employed effectively and at reasonable cost by 
the individual owner. This is true, also, of the shade trees in resi- 
dential districts, coming: under the supervision of the street com- 
missioners or other local officers. Where, however, large areas of — 
woodlands are badly infested, the cost of control is beyond any reason- — 
able expenditure by individual owners. As already indicated, such 
control, for a year or two at least, may much exceed in cost the actual 
value of the land, rendering it prohibitive so far as the individual is 
concerned. Furthermore, in the case of individual holdings, without 
any means of enforcement or corrective work, many will take little 
interest in the gypsy moth, and therefore do nothing to prevent its 
local increase, thus nullifying the work of others. In the case of 
large public domains, also, as, for example, the Middlesex Fells 
reservation, the cost of control is beyond any reasonable portion of the 
appropriation for the maintenance of such reservations which might 
be set aside for work against the gypsy moth. 

If the gvpsy moth is to be effectively controlled, it will be necessary 
to have concerted action over the entire infested area, and this will 
necessitate a central authority and direction. There is a wide diver- — 
sity of opinion as to the best method of carrying on such work. The | 
plan employed by the gypsy moth committee consisted in expending 
a lump appropriation by the State in control or extermination of 
colonies throughout the infested district, the State appropriation 
covering all of the expense, none of which, therefore, was charged to 
the town or individual benefited. This system has some advantages. 
It has, however, the objection that it does not give any incentive for 
local control, or the protection of property by the individual. It — 
therefore seems to the writer preferable to devise some system in which — 
the cost of control would be divided between the individual owner, 
the town, and the State or National Government, should national aid | 
be granted. This idea is not altogether original, but has been given — 
somewhat in this form by various persons who have given thought 
to the subject. It has been suggested that the individual whose prem- 
ises were found to be infested should be charged with a portion of | 
the cost of the extermination not to exceed the taxes on the infested 
property, the cost of control above this amount to be divided in accord- 
ance with some determined ratio between the town and State. The» 
advantage of this system is simply that it keeps up, in the individual 
and town, a wholesome interest in the control of the pest, and in many | 
cases the individual will take some trouble to keep his premises clean, | 
and the town, likewise, will institute care of the streets and parks, | 
while under the old system little or no individual or local effort will 
be made to prevent infestation or to stamp out the gvpsy moth. The 
damage now being done by the gypsy moth is so widespread and so 
severe that some general system of control must be provided for at 
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once if the beauty of the forest and residential districts about Boston 
is to be maintained. The cost of control will undoubtedly be less, 
under efficient general direction by some central authority, than the 
patchy and more or less intermittent work now being done. 

The fact should not be lost sight of that control of the gypsy moth 
will be a continuous charge on the State, towns, and individuals. In 
other words, this insect has now reached a stage when extermination 
is practically impossible. . The cost of control will vastly decrease, 
however, once the present excessive infestation is overcome. A large 
expenditure for two or three years must be expected; after which a 
much smaller sum will be sufficient to locate any important colonies 
which may develop, and effect their substantial extermination. The 
cost of protection in residential districts and on private properties of 
small area should, in a few years, be reduced to almost nothing, if 
good work be done for two or three seasons over the whole area. The 
outlook, tuerefore, is not necessarily a serious one. Such control, fur- 
thermore, will very largely check the wider distribution of the gypsy 
moth, and substantial protection will thus be afforded to the State of 

ssachusetts and adjoining States. . Even left to itself the moth 
spreads very slowly, as shown by the rather limited area now infested 
after over thirty years of the presence of the pest about Boston. The 
danger from natural spread, therefore, to the State at large and to 
the adjoining States is small. A slow spread must necessarily be ex- 
pected, but with efficient control it will be many years before it widely 
extends its range in Massachusetts. 

‘Another important step which may be taken looking to the contro! 
of this pest is the introduction of its natural enemies from Europe and 
Asia. As long as the operations of the gypsy moth committee were 
conducted solely to the end of extermination, it was not especially 
necessary to introduce natural enemies. For the successful introduc- 
tion of these it would have been necessary to have kept undisturbed 
large colonies of caterpillars in which the foreign parasites and pre- 
daceous enemies could multiply. With the object of extermination in 
view this was distinctly undesirable, but now that extermination is 
out of the question it becomes desirable and feasible to make the effort 
to introduce such natural enemies and to leave undisturbed isolated 
colonies of the moth in woodland districts in which these experiments 
can be conducted. It is well known that in Europe and Asia, the 
original home of the gypsy moth, the pest is not often very destruc- 
tive. Bad colonies will occasionally appear, only to disappear again 
in a year or two. This disappearance and the general inactivity of 
the moth in its native home are doubtless very largely due to the 
efficiency of parasitic and predaceous insect enemies. From the 
studies of European entomologists and foresters, such natural enemies 
are well known. The introduction of these into Massachusetts would 
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not be attended with any possible risk, as the insects introduced fee 

solely on the larve of the gypsy moth and other allied pests, and i 

the absence of such food themselves perish. If national aid is to be 
granted to the State of Massachusetts in its warfare against this pest, 
such aid might very properly be in the direction of securing, import- 
ing, and installing such natural enemies. It should not be lost sight 
of, however, that any work of this character is purely experimental, 
and its value to be determined only after an interval of four or five 
years or more. It would probably take at least two summers in 
Europe to make effective importations of the parasites, and two or 
three more years would be necessary for their large multiplication in 
the gypsy-moth colonies about Boston. Furthermore, such importa- 
tion might in the end prove not to be especially valuable as a means 
in the control of the pest. Therefore, during such experimental work 
the control of the pest by standard means should be kept up over the 
entire area infested with the exception of the particular spots of 
infestation, or colonies set aside for experiment with natural enemies. 


THE BROWN-TAIL MOTH. 
(Huproctis chrysorrhea Linn.) 


The brown-tail moth is now even better known about Boston than 
is the gypsy moth. The widespread information relative to the 
brown-tail moth arises chiefly from the fact that the hairs of the 
larvee are distinctly poisonous and nettling, and thousands of people 
throughout the range of this pest have been poisoned the present sum- 
mer or during past vears. The hairs produce on sensitive subjects 
(and very few are entirely immune) a rash or nettling, with some fes- 
tering, which lasts for a week or more, and is attended with more or 
less itching and irritation. This poisoning may result from the 
falling of the caterpillar on the neck and hands or clothing of the 
passer-by, or from the loosened hairs shed from the cast larval skin 
at the time of transformation to the chrysalis stage. 

The loosened hairs, or the shed skin, are blown about by the winds 
and frequently attach to clothing hung up in yards for drying. By 
this means they are conveyed to the skin, resulting often in very gen- 
eral inflammation. 

In addition to its very distinct importance as a source of discomfort 
to human beings, the brown-tail moth is an important tree pest, and 
is common in orchards in Europe. It was accidentally introduced 
into Somerville (Boston) and was brought to the attention. of the 
gypsy moth committee in the spring of 1897. The investigations con- 
ducted at the time by the gypsy moth committee led to the belief that 
it was introduced by a floral establishment, which had been importing 
roses from Holland and France previous to 1890. It seems probable 
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‘that this pest was introduced on this stock, and, escaping into near-by 
pear orchards, had gained considerable local spread before it was 
‘noticed. 

A general account of this insect has been published by the gypsy 
moth committee, and it has lately been made the subject of a special 
yolume by Prof. Charles H. Fernald, of Amherst, assisted by Mr. 
A. H. Kirkland. The larve of the brown-tail moth feed by prefer- 
‘ence on the foliage of fruit trees, especially pear and apple. The 
chief damage, therefore, in this direction has been in orchards or on 
fruit trees grown in yards. It has, however, a wide range of food 
plants, and will subsist on many forest trees, although notable damage 
or forest stripping has not been characteristic of it. The habits of the 
insect render it much more readily controlled than the gypsy moth. 
The winter is passed in the half-grown larval stage in small but con- 
spicuous webs attached to the terminal twigs. The chief means of 
control is the collection in the winter of these webs and burning them, 
and, if this be done with any degree of thoroughness, trouble from 
the brown-tail moth may be very largely overcome. 

Unlike the gypsy moth, the female of the brown-tail moth is a 
strong flyer, and hence the distribution of this insect has been very 
rapid. It has now overrun southern New Hampshire and south- 
western Maine, as well as the northeastern counties of Massachusetts, 
and will undoubtedly extend its range widely in North America in a 
comparatively few years. There is no means of preventing such ulti- 
mate spread, but prompt effort at control will much retard its prog- 
ress. During July, 1904, while the writer was conducting his inves- 
tigations about Boston, the moths of this insect were emerging in great 
numbers, and were attracted in their nocturnal flight to electric and 
other lights. It was no uncommon sight to see electric-lght poles 
whitened by hundreds of these snowy white moths, and thousands 
were killed about the electric hghts. Some benefit could undoubtedly 
be obtained by a trap connected to electric hghts which would destroy 
more of the moths than the lights do themselves. 

During the time when the flight of these moths was at its height 
enormous numbers of them were brought by favoring winds into the 
heart of Boston, causing considerable interest and excitement in 
Newspaper Row, the swarm having centered there, and resulted in a 
number of accounts, illustrated by photographs locally taken, in the 
daily papers of the following morning. _ 

The distribution of the brown-tail moth, as already indicated, has: 
been in a northerly direction. South of Boston it is known to occur 
in the double tier of towns bordering Massachusetts Bay as far as 
Scituate. The entire northeastern portion of Massachusetts was 
invaded as early as 1899. By 1902 the invasion had extended west- 
ward to Brockton, Hudson, and Stow, in Massachusetts. The moth 
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was reported at Kittery, Me., as early as 1899, by the late Prof. F. L. 
Harvey. It has also been reported by Prof. James Fletcher, the 
Canadian Government entomologist, as occurring at St. Johns, New 
Brunswick, where it was supposed to have been transported by 
steamers plying between Boston and St. Johns. In 1902 the moth 
was abundant in all the towns along the eastern division of the Boston 
and Maine Railroad, as far as Portsmouth, N. H.. During the last 
two years, and especially the summer of 1904, the moth must have 


extended its ravages considerably in both New Hampshire and Maine. — 


Its occurrence at Nashua, N. H., has been referred to in the discussion 
of the gypsy moth. The counties of Rockingham, Hillsboro, and 
Stafford, N. H., are known to be pretty generally infested. 

Strong gales of wind at night during the flying season must extend 
the distribution of this moth many miles. This was illustrated by 
the results of the high gales prevailing in New England July 12-14, 
1897, which were largely responsible for the spread of the moth over 
much of the area now infested. The ability of this moth to extend its 
range over much of northeastern United States in the near future is 
abundantly shown by this instance and its history up to the present 
time. 

The control of this moth will need, perhaps, less of town and State 
aid than the gypsy moth, but some provision should be made to 
enforce the removal of the caterpillars’ webs in winter, and the 
authorities charged with the work against the gypsy moth should be 
empowered to enforce corrective work against the brown-tail moth 
also. In the introduction of parasites for the gypsy moth the brown- 
tail moth should also be considered. These two insects have many 
common natural enemies, but the special enemies of each should be 
introduced. For detailed information on the history of the brown- 
tail moth and on means of control, reference is made to the publica- 
tions cited above. 


Approved: 
JAMES WILSON, - 
Secretary of Agriculture. 


Wasuineton, D. C., March 21, 1905. 
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THE CORN ROOT-WORMS. 


By F. H. CHITTENDEN, 
In Charge of Breeding Experiments. 


Among the many enemies of Indian corn two forms of slender, soft- 


bodied, whitish larve known as root-worms are prominent through their 
injuries. When the plants are found to be withering or when the ears 


fail to fully develop, forming “ nubbins, 


” without any visible cause, the 


earth about the roots should be searched. It then frequently happens 
that root-worms are found at work. They operate somewhat in the 
manner of wireworms, and the two forms vary somewhat in the nature 
of their operations, as well as in the territory which they ravage. They 
are the young of two species of leaf-beetles of the family Chrysomelide 
and of the tribe Galerucini. 

The species which inhabits the middle western region is the western 
or northern corn root-worm (Diabrotica longicornis Say). Its injuries 
are practically confined to the middle West, where it would be a very 
serious pest were it not that progressive farmers in that region have 
adopted as a part of a sound agricultural routine a system of rotation 
which greatly reduces losses that might otherwise be sustained.! In 
spite, however, of the best methods of tillage, losses due to this insect 
are reckoned in millions of dollars annually. Thus Prof. F. M. Web- 
ster estimated the damage accomplished by this pest to corn in 24 coun- 
ties of Indiana alone in 1885 at nearly $2,000,000, this judgment being 
based on a loss of $16,000 sustained by one farmer and a personal know]l- 
edge of the destructive abundance of the insect throughout that State. 

The second species is the Southern corn root-worm (Diabrotica 12- 
punctata 01). It occurs generally throughout nearly the whole of the 
United States, but fortunately its injurious range is somewhat closely 
restricted to the southern States, though in recent years it is showing 
a disposition to extend depredations into more northern regions. 

The former species attacks first the fibrous roots and later the larger 
ones which it frequently destroys to such an extent that the infested 
plants may easily be pulled up by hand after they are seen to wither. 
The latter, at least in the maturing stage, eats directly into the stalk at 
a point near the upper whorl of roots. If injury by either species is not 
extensive, the ears, as previously stated, do not entirely develop. 


1For more detailed information see Forbes, 18th Rept. St. Ent. Ill., 1891-92 
(1894, pp. 146-165); Bul. 44, Univ. Ill., May, 1896, pp. 282-296; Webster, Ind. 
Agl. Rept., 1885, author’s ed., pp. 6-10; Riley, Insect Life, Vol. IV, pp. 104-108. 
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THE SOUTHERN CORN ROOT-WORM. 
(Diabrotica 12-punctata 01.) 


This species is also known in the South as the “‘ bud-worm’”’ and less 


commonly as the “drill worm.’’ In some regions it is recognized only 
by the former name, while the latter is of more recent use. The beetle 
is familiar to most persons in its occurrence on cucumber, squash, and 
other cucurbits. It frequents the flowers, and by peeping into them 
one or more beetles and the places where they have gnawed the petals 
may be seen, for they are among the most omnivorous of insects and 
appear to be able to subsist on any form of vegetation on which they 
may happen to alight. They are, in fact, to be found in practically all 
fields of corn and in gardens everywhere, but it is seldom that the larvee 
: are associated with the 
beetles except by those 
well versed in entomol- 
ogy or who have had 
experience with both 
forms of insects. The 
species 1s best known 
northward as the 
twelve-spotted cucum- 
ber beetle. 


DESCRIPTIVE. 


This insect has four 
stages, adult or beetle, 


egg, larva, and pupa. 
Fria. 1.—Southern corn root-worm (Diabrotica 12-punctata): a, The beetle i ] 
beetle; b,egg; c, larva; d, anal segment of larva; e, work of larva ve veetle 18 elong- 
at base of cornstalk; f, pupa—all much enlarged except e, which gate pyriform, yellowish 
is reduced (reengraved after Riley, except f, after Chittenden). 


green in color, and the 
elytra or wing-covers are marked with twelve black spots (fig. 1, a). 
The head is black, as are also the legs, except portions of the femora 
or thighs. The length is one-fourth of an inch or a little longer. 

The egg (b) does not differ materially from that of related species, 
such as the striped cucumber beetle, except in size. It is broadly oval 
in shape, measuring in the average 0.025 inch in length. The color is 
dull yellow, and the surface is closely and somewhat regularly faceted. 

The larva (ce) is slender, even thread-like. delicate and soft-bodied, 
and white or yellowish in color. The body is smooth and cylindrical, 
the head short and rounded, and brownish in color, and the first thoracic 
segment is also slightly brown, while the anterior extremity as a rule 
ends in two points.! 


1 Less acute than in the striped cucumber beetle (Diabrotica vittata) and some- 
times obtuse or wanting. 
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The above characters, with the aid of the illustrations (fig. 1, c, d), 
serve to distinguish this corn root-worm from young wireworms! with 
which they are often associated in injury to corn and other cereals, 
grasses, and other plants. Before changing to pupa this root-worm 
attains a length of about half an inch. 

The pupa (fig. 1, f) presents no special features worthy of (omen 
that are not shown in the accompanying illustration. It is white like 
the larva, and similar to that of the striped cucumber beetle. 


GEOGRAPHICAL DISTRIBUTION. 


The twelve-spotted cucumber beetle occurs commonly throughout 
that portion of the United States lying between the Atlantic seacoast 
and the base of the Rocky Mountains, and from New England to Florida. 
It also inhabits Canada in the North and extends in a southwesterly 
direction through Texas into Mexico. Throughout practically all this 
region, which includes portions of twenty-nine States, it is really abun- 
dant, though not nearly so destructive in the northern as in the south- 
ern States, where year by year more or less injury is accomplished by 
the larve or root-worms as far northward as Maryland, Virginia, and 
southern Ohio.” 

FOOD HABITS. 

The adult, as stated, is practically omnivorous. Its known food 
materials are legion and include, besides the blades, green ears, silk, 
and pollen of corn, the partly matured kernels of wheat, corn, and oats, 
the foliage of alfalfa, corn, clover, crimson clover, cotton, rye, tobacco, 
beets, cabbage, kale, cauliflower, turnip, mustard, cucumber, canta- 
loupe, watermelon, pumpkin, squash, okra, potato, tomato, rhubarb, 
and asparagus, the leaves and pods of beans, as also the buds, flowers, 
and sometimes the leaves of fruit trees, including apple, pear, quince, 
apricot, cherry, and peach, the buds and flowers of roses, dahlia, sun- 
flower, aster, canna, chrysanthemum, grapevine, sweet pea, cosmos, 
cultivated Bidens, and raspberry, the fruit of apple, melons and other 
curcurbits. To all of these more or less serious injury is inflicted. 
Among wild plants, or such as are of little practical utility, frequented 
by the beetles for food are golden-rod (Solidago), wild sunflower, New 
Jersey tea (Ceanothus), pokeweed (Phytolacca), milkweed (Asclepias), 
eroundsel (Senecio), horse nettle, Nelumbo, Impatiens, and Amorpha." 


' The latter, it should be stated, are cual more or eek coer gooey 
at the head, while the posterior extremity is usually toothed, notched, or pointed. 
They also serve to separate this root-worm from maggots af Peveml small flies, 
such as the seed-corn maggots, which also infest corn roots. The root-feeding 
maggots, however, are footless, while the root-worms have six legs placed near 
the head. 

2In the Pacific States it is replaced by a similar very closely related species, 
Diabrotica soror Lec., which is sometimes quite injurious. ~ 

3Some of the food plants above enumerated have not hitherto been recorded. 


A 


Larve or pupz have been observed at the roots of corn, wheat, rye, 
millet (Panicum miliaceum and Bromus unioloides), beans, Rud- 
beckia, and sedges of the genera Cyperus and Scirpus. The favorite 
larval food plants are evidently Graminee, including various cereals 
and grasses, and the Cyperacesz or sedges.! 

The presence of this root-worm in a field of corn gives origin to the 
loss of the roots, injury varying according to the age of the corn and the 
severity of attack, and somewhat also upon the condition of the weather 
and of the soil infested. Injury is manifested in various ways, from 
the death of a plant to slight retardation in its growth or what is some- 
times termed “ spindling,’”’ or a yellowish and unhealthy look. In 
plants 6 inches or less in height the perforations of the stalk (fig. 1, ¢) 
are characteristic, and usually show just below the surface of the ground. 
This is accompanied by withering of the plant, which is frequently 
killed outright. It is this appearance which has given the insect the 
name of ‘‘bud-worm.’’ Quite frequently plants are destroyed almost as 
soon as sprouted. As plants grow, the signs of injury vary according to 
the degree of development. If plants suspected of harboring this 
species are pulled up and shaken over a sheet of cloth or paper, the 
root-worms can be dislodged, and it is not difficult to distinguish them 
from any other forms of insects to be found in the same locations, with 
the exception of the western corn root-worm, which, however, seldom 
occurs in the same regions. 


LIFE HISTORY. 


This beetle is one of the earliest as well as latest species. About the 
District of Columbia the beetles have been seen abroad by the last week 
in March, and eggs have been obtained from April 18 to May 9. Beetles 
have been seen freely feeding until the middle of November, when the 
flowers which had furnished them with food began to wilt and die. 
Just when the first new generation appears seems not to have been 
recorded, but several beetles, still immature, have been seen in the 
open by the writer on June 12, others were reared the same day and in 
July, and still others were seen, newly transformed, late in September. 
Although the writer can not speak with positiveness as yet as to the 
number of generations, these indications show the probable production 
of two and perhaps three generations annually in the District of Colum- 
bia, and there is the possibility of four in the insect’s more southern 


range. 


plant, and have been observed by the writer to hatch in six and seven 
days 3 in cool May weather. One individual deposited 202 eggs. 


Eggs are laid, as has been stated, at the base of the insect’s food 


eee have been found and esi a the writer from about the roots - 


Jamestown weed (Datura) and pigweed (Amaranthus), and it is not improbable 
that they feed on these plants. 


| 
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NATURAL ENEMIES. 


The beetle is parasitized by a Tachina fly, Celatoria diabrotice Shimer 


(fig 2), which develops in the abdomen of its host. It is preyed upon 


by the wheel bug, Arilus (Prionidus) cristatus Linn., and many birds 


' feed to a considerable extent on the beetles. It is also subject to a 


bacterial disease.? 
REMEDIES. 

For the root-worm the use of insecticides on growing corn is imprac- 
ticable. In fact, we can not reach the root-worm stage to any extent 
with poisons. Therefore we must have recourse to farming methods. 
Injury in corn fields is most abundant when the seed has been planted 
in bottom lands, and if planting is necessary in such locations, it should 
be done late, in Georgia by the first of May, according to Quaintance; 
or attack may be so distributed that dam- 
age will be inconsequential by dropping 
eight or ten grains of seed corn in each 
hill. Of still more importance, however, 
is judicious crop rotation. Numbers of 
crops are not injured to any extent by the 
Southern corn root-worm, and of these are 
cotton, buckwheat, the smaller grains, and 
various garden vegetables other than beans 
and cucurbits. Experience will teach 
which of these can best be employed as 
Mitcrmarcae lipaa inadvisable to plant aie or cue soctwee mote 
squash and pumpkin to any extent in ¢m!@rged (original). 
rows between the hills of corn, more particularly in regions where injury 
by this species has been previously observed. 

For the beetle as it occurs on cucumber, squash, and other cucurbits 
the same remedies in use against the striped cucumber beetle should be 
pursued.” In its occurrence on most other crops it can be controlled in 
the same manner as other leaf-beetles, for example, the Colorado potato 
beetle, by applying an arsenical alone or combined with Bordeaux mix- 
ture, the latter having a repellent effect. Arsenate of lead is preferable 


to Paris green as it adheres to the foliage better and is not washed off 


so readily by rains, and there is little or no danger of scorching. 

There is little that can be done to lessen the number of beetles for 
ensuing years, because of their roving habits and their ability to subsist 
on such a vast variety of vegetation. The species appears to have no 
particular food material, if we except flowers of cucurbits, goldenrod, 
and some others, and thus the beetles are seldom found congregated 
where they could be destroyed “at wholesale.”’ 


1Forbes, 17th Rept. St. Ent. Ill., 1889 and 1890 (1891), pp. 71-73. 
2See Circular 31, entitled ‘‘The Striped Cucumber Beetle (Diabrotica vittata 
mab.)."’ 


— 
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THE WESTERN CORN ROOT-WORM. 


(Diabrotica longicornis Say.) 
DESCRIPTIVE. 


The beetle may be readily distinguished from its Southern congener — 
by its nearly uniform pale, but usually distinctly grass-green, or green- 
ish yellow color. (Preserved specimens usually lose this coloration to. 
a considerable extent.) It is also smaller, of about the same size as 
_ the striped cucumber beetle, measuring about a fifth, or a little more, 
of an inch in length, and is a little more slender and less pear-shaped 
(fig. 3,a). In the earlier stage the Western corn root-worm very closely 
resembles the Southern species, all stages naturally being smaller, as 
would be expected in an insect of smaller size. . 

The egg. This applies particularly to the egg, which is of similar 
form and sculpture. It has only about 20 hexagonal pits in its longest 
diameter, compared with 30 
to 35 in that of its congener. 
It is, moreover, dirty white 
instead of yellowish, and 
measures only .015 to .025 
inch as against .02 to .03 in 
the Southern species. 

The larva, when fully ma- 
ture, attains a length of only 
four-tenths of an inch as com- 
pared with half an inch in 


Fie. 3.—Western corn root-worm (Diabrotica longi- 
cornis): a, beetle; b, larva or root-worm; c, enlarged the case of the Southern form. 


leg of same—all enlarged, c, more enlarged (original.) In other respects they are very 


similar, as will be noted by comparison of the illustration of the West- 
ern species (fig. 8, 0) with the Southern (fig. 1,¢). The anal segment 
in the larva under consideration is always blunt, never armed with tuber- 
culous points. 

The pupa (fig. 8, d), judging from available material, though smaller, 
is proportionately wider, giving it a more robust appearance than in the 
Southern species. 

DISTRIBUTION. 

This species, which was first recognized as a pest in 1874, has a more 
limited geographical range than the preceding, and is moreover confined 
in its field of destructiveness. We know of its occurrence from central 
New York and Canada, including Nova Scotia, westward to Kansas and 
Nebraska. Injurious occurrences are limited to the States of Illinois, 
where it is most troublesome, Indiana, Iowa, Kansas, Nebraska, Ohio, and 
Missouri. It does not occur in destructive numbers in Kentucky; in 
fact it is rarely found in that State. It was very injurious in the vicinity 
of Chillicothe, Ohio, in 1903, and injuries were reported at Circleville, 
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just south of Columbus, Ohio, the same year. Reports from southern 
Ohio in 1904 indicate that the species is increasing in abundance in 
that region. 

FOOD AND OTHER HABITS. 

It has already been stated that corn is the only known host plant of 
the larva. The beetles show a disposition to feed on a variety of 
plants, but are more choice than the southern species. In the experi- 
ence of the writer and evidently of others also, the beetles, which are 
naturally pollen feeders, like other members of this genus, are partial 
to the blossoms of thistle (in which they deeply imbed themselves), 
sunflower, and goldenrod, and are less frequently found on cucurbits. 
It is probable that the beetles do some damage to corn by eating the 
pollen and gnawing the silk and tassels, thus preventing cross- 
fertilization and causing a partial blasting of ears. Other plants, also, 
are frequented for the sake of pollen, and the list includes ragweed and 
smartweed growing between hills of corn, clover, and some other plants. 
In late fall the beetles have the same habit as the twelve-spotted and 
striped cucumber beetles, of gnawing into ripe squash and pumpkin in 
the field, and they do some injury in this way. The plants attacked 
include bean, sorghum, and cotton, which are visited for pollen, and 
ripe apples, which are sometimes injured in the same manner as cucur- 
bits; and the beetles have been noticed gnawing the ears of corn, more 
particularly where they have first been injured by birds or grasshoppers. 
Since the beetles have been observed by Forbes to feed on fungi, 
blights, rusts, etc., there is no doubt that they do some harm, which 
has been positively ascertained to be the case with the striped cucum- 
ber beetle, in acting as conveyors of fungous diseases from unhealthy 
to vigorous plants. 

The species is credited with being single-brooded. The beetles occur 
normally in the field, like the Southern species, until November, sub- 
sisting upon such flowers and other vegetation as can be obtained at 
that time, and in open winters have been noted abroad as late as the 
middle of December, which is, in the writer’s opinion, proof positive 
that the beetles hibernate, but the observations of Messrs. Forbes and 
Webster indicate that as a rule the species passes the winter in the 
egg condition, in the earth. If this hypothesis is true it differs from 
the great majority of leaf-beetles. Eggs, so far as known, are deposited 
in fields of corn late in the season and hatch the following spring. 
Larve have been seen in central Illinois the second week in June, and 
the beetles have been reported in southeastern Iowa toward the end of 
June. Forbes assigns the first weeks of August and October as the 
average times for the first and last deposit of the eggs, and recognizes 
a period of eight or nine weeks for the passage of a generation from the 
first to the last stage. The egg-hatching period is set from the middle 
of May to the middle of July and a little later. 
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Eggs are deposited in the earth in more or less scattered clusters of 
three to ten, and at a depth varying from 1 to 6 inches, all being placed 
about the roots in a space a few inches around each hill. 

The developing larve live entirely beneath the surface, feeding on the 
roots, which they mine either upward or downward, and seem capable 
of traveling from one root to another. Pupation also takes place under- 
ground, and pupe may be found in considerable numbers, at the proper 
period, about infested corn roots. When the beetles begin to issue, 
toward the latter part of August, they are first noticeably abundant on 
thistle blossoms, and afterward on other plants blooming at this season. 
Like the twelve-spotted cucumber beetle, they show a disposition, late 
in the season, to disperse before seeking quarters for hibernation or the 
deposit of their eggs, flying from one field to another. qT 


PREVENTION AND REMEDY. 


This species is more readily controlled than the Southern corn root- 
worm ; in fact, losses can be prevented by simply following crop rotation. 
Since the insect, as far as observed, feeds in its larval condition only on 
corn, the planting of infested land to any other crop leads to the star- 
vation of the young when they hatch in the spring. This is no mere 
inference, but has been tested time and again. In Illinois, according 
to Forbes, it is ordinarily safe to plant corn two years in succession, but 
it is unwise to plant it again without an alternate. It is also impru- 
dent to plant corn in fields or meadows in which the beetle has been 
observed in great abundance on clover and certain weeds in late Octo- 
ber the previous year. 

One other measure is to be recommended, as a general farm practice. 
It consists in the maintenance of the fertility of the soil by the use of 
manures and other fertilizers. Although this does not diminish attack, 
it sometimes enables the plants to withstand injury. 


Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., March 23, 1905. 
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GENERAL CHARACTERISTICS. 


The worst of the many destructive enemies of ;cabbage and other 
‘crucifers is the larva or caterpillar of a white butterfly known to science 


vas Pontia (Pieris) rape 
fLinn. The caterpillar, 
called the imported cab- 
bage worm, is altogether 
‘too well known by farm- 
,ers throughout this coun- 
try as well as in the Old 
‘World, and the adult in 
sect, the imported éab- 
bage butterfly, called also 
the white or rape butter- 
fly, is a familiar object to 
mearly everyone. It is 
‘generally recognized that 
the butterfly is the parent 
of the “‘ worms.”’ 

| This cabbage worm is 
velvety green in color, 
much like the cabbage 
on which it feeds; and 
lhe surface of the body, 
if viewed through an or- 


Fic. 1.—Pontia rape: a, female butterfly; 6, above, egg as 
seen from above; below, egg as seen from side: ¢, larvain 
natural position on cabbage leaf; d, suspended chrysalis— 
a,c, d, slightly enlarged ; 6, more enlarged (original). 


dinary hand lens, is seen to be somewhat rough and finely dotted with 
small black spots. There is a faint yellow stripe down the middle of the 
back and a row of yellow spots along each side in line with the spiracles 
or breathing pores. It measures, when full-grown, about an inch and a 
fourth, presenting the appearance shown in figure 1, c. 

The butterfly has a wing expanse of nearly two inches, 4nd is white, 
marked with black near the tips of the fore-wings, as shown at figure 
1, a, representing the female. In this sex there are two conspicuous 
\black spots on each fore-wing; the male (fig. 2) has only one. Both 


2 | 
1 
sexes have a corresponding smaller black spot at the upper extremity of 
the hind-wings. The body of the female is whitish; that of the male 
is usually darker above. The male is generally a little the smaller. 
The under surface of the hind-wings are uniform satiny straw-yellow and 
there are generally two black spots showing through, in both sexes. 
The eggs are fusiform, pale yellowish, and strongly ribbed (fig. 1, 0). 
They are large enough to be readily seen with the unaided eye, and are 
deposited singly, usually on the lower surface of the outer leaves of cab- 
bage and other food plants. 
When the caterpillar or ““worm’’ becomes full grown it attaches itself 
to a cabbage leaf or other nearby object, fastens itself by means of a 
string-like girdle, and often within the same day transforms to a chrysa- 


Fic. 2.—Imported cabbage butterfly: male, wings expanded, at left; wings 
folded in natural resting position at right—somewhat enlarged (original). 


lis of the appearance indicated at figure 1,d. The chrysalis is of varia- 
ble color, seeming to be influenced in this respect by the object upon 
which it is placed. The color thus varies from dirty gray to yellow, 
green, and dark gray. The length of the chrysalis is a little less than 
three-fourths of an inch. 

NATURE OF INJURY. 


This cabbage worm has been rightly termed the bane of the cabbage- 
grower, and the dread of every careful cook and housewife. It begins 
work early in the season, and the principal damage is therefore usually 
to young plants. After riddling the outer leaves, which continue after- 
ward attached to the stalk, it attacks the more tender inner leaves as 
they form, frequently secreting itself in the heads, which are made most 
unsightly by its dark green excrement, and where it is difficult to reach 
with insecticides. As a result, cabbages before being sent to market 
must be carefully examined and the damaged leaves plucked away; and 
before cooking it is frequently necessary to tear the heads apart to see that 
no disgusting’ worm’”’ is lurking within. Even after the dish is cooked | 
there is danger of an admixture of animal with the vegetable food. In. 
cool weather:the caterpillar frequently feeds in free exposure on the | 
upper surface of the leaves in the sunshine. | 


: 
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As early as 1869, when this cabbage worm was restricted to limited 
areas in Canada, New England, and New York, it did great damage. 
At St. Albans Bay, Vt., in that year it caused the total destruction of 
a crop of 3,000 cabbage plants. The worms made their appearance 
about the first of September, and there were from 10 to 50 on a head. 
The Abbé Provancher estimated the same year a loss of $240,000 in the 
vicinity of Quebec alone. One farmer near Montreal lost in a single 
season over 12,000 heads of cabbage. The following year, according to 
Mr. Angus, the entire crop of cabbage and cauliflower in some places 
about New York City, where the insects had appeared only the year 
before, was destroyed. The loss was estimated at half a million dollars. 

An interesting feature connected with the establishment of this insect 
in America is the practical extirpation, at least as a pest, of the so-called 
southern cabbage butterfly (Pontia protodice Boisd.') in many regions. 
This is accounted for in part by the earlier spring appearance of the 
imported species, enabling the caterpillars to obtain possession of the 
best feeding plates and crowd out the less hardy native form.? 


ORIGIN AND DISTRIBUTION. 


The imported cabbage butterfly was introduced from Europe per- 
haps half a century before the date of present writing,? and was first 
recognized from a capture at Quebec, Canada, in 1860. It was not 
again seen until two years later, in the same locality. For several 
years after this it was observed at intervals in other portions of Canada. 
In 1865 its first appearance in the United States was noticed in Maine. 
The following year it was seen in northern New Hampshire and Ver- 
mont. By 1868 it had reached New York, and a few years later began 
to attract attention, as each year thereafter it was found in some new 


locality. In 1875 it appeared in Cleveland, Ohio, and two years later 


in Illinois. By 1880 it had penetrated southward to the Gulf region. 
This distribution has continued until now the species is known pra®@ 
tically in every State and Territory of the Union, although it is occa- 
sionally reported as new to some more or less isolated locality. 

It does not appear to be an inhabitant of any particular life zone, 
seeming to be as much of a pest in the Gulf States as in Canada and 
New England. 

In the Eastern Hemisphere this butterfly ranges from the Atlantic to 


1This native species and the imported cabbage butterfly are very generally 
referred to in literature as Pieris protodice and P. rape@ respectively. 

2It is well known that nearly all species introduced from the Eastern Hemis- 
phere are more hardy than native American forms and survive conditions which 
would be unfavorable to the latter. In the writer’s experience, the southern 
cabbage butterfly is more susceptible to disease than the imported species. Occa- 
sionally the latter returns in moderate numbers to localities from which it has 
apparently been absent for long periods. 

3 Riley believed it was introduced in 1856 or 1857 (see Rept. Dept. Agr. for 
1883, p. 108). A monographic account of this species is given by Scudder (But- 
terflies Eastern U. S. and Can., Vol. II, pp. 1171-1190, 1205-1218). 
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the Pacific, in most localities between the thirtieth and sixtieth degrees 


of latitude. In Switzerland it occurs on the level of perpetual snow, 
and in this country it has been taken on the barren subalpine heights 
of the White Mountains. 

FOOD AND OTHER HABITS. 


The imported cabbage worm feeds on the foliage of nearly all cru- 
ciferous plants, is particularly fond of cabbage and cauliflower, and 
somewhat less destructive to turnip, radish, mustard, and horseradish. 
It also does considerable injury to ornamental plants, such as nastur- 
tium, mignonette, sweet alyssum, and spider plant (Cleome).! 

The butterflies sip the nectar of flowers of many kinds, and are to be 
seen any time hovering over them. They are especially fond of the 
white blossoins of crucifers, also of such plants as white aster, lavender, 
and thistle. Like other butterflies, this species is diurnal, and is on the 
wing from early morning until near dusk. It is a comparatively slow 
flyer, but capable of extended flight for long distances. . The butterflies 
sometimes congregate in immense swarms, as has frequently occurred 
where the insect has emigrated from the continent of Europe to England. 
Its occurrence in mid-ocean has been recorded. 


LIFE HISTORY. 


The butterflies appear as early as March, even in the Northern States, 
and thereafter can usually be seen flying about cabbage fields and else- 
where, throughout the year, until after several severe frosts in October. 
In the Gulf States they occur throughout the season. 

Egg deposit commences soon after the butterflies appear; in fact, 
pairing and egg-laying may begin within a day or two after the adult 
issues from the chrysalis. The duration of the different stages varies 
according to temperature. The observed egg period is from four to 
@ight days. . 

The larva eats voraciously and grows with great rapidity, attaining 
full maturity in from ten days to two week after hatching. It molts 
four times; hence there are five distinct stages, the first molt taking 
place (in warm weather) in about two days from the hour of hatching, 
the second stage lasting two or three days; the third and fourth, one or 
two days each, and the fifth, four or five days’. The duration of the 
chrysalis stage is from seven days to a fortnight during the summer 
time, but the last chrysalides formed in the more northern States remain 
undeveloped during the winter until the following spring. 

The life cycle occupies periods varying between twenty-two days 
and five weeks. Even in New England this species is credited with 
being triple- brooded, but in the District of Columbia and vicinity there 


lItisa aoded pest on this ieee in the District of Cominiin. 

2 Technical descriptions of the different larval stages with particular reference 
to wing development are given by W, I. Mercer (Jour, N, Y. Ent, Soc., Vol. 
VIII, pp. 1-20, March, 1900), 
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must be one or more additional generations, and there is a possibility 
of at least six in the extreme South. The first generation develops on 
wild plants. 

NATURAL ENEMIES. 


Were it not for certain natural checks this species would be a still 
greater pest than it is. The most important of its insect enemies are 
small parasites, all introductions from Europe. One of them, a Bra- 


Fig. 3.— Apanteles glomeratus : a, adult fly ; b, cocoon; ¢, flies escaping from ecocoons— 
a, b, highly magnified; c, natural size (original). 


conid, Apanteles glomeratus Linn. (fig. 3), was purposely imported in 
1885 from England. During the autumn of 1904 this species held its 


an Yd 
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Fig. 4.—Parasitized cabbage worm (Pontia rape), showing cocoon mass 
otf Apanteles glomeratus below (original). 
host under complete control at Washington, D. C., killing every “‘ worm ’’ 
which came under the writer’s observation. A larva which has been 
destroyed by this parasite is shown in figure 4, together with the 
parasite’s cocoons. A secondary parasite, a minute chalcis fly, Tetras- 
tichus microgastri Bouché, was also present, but did not militate 
against the effectiveness of the Apanteles. Of simildr importance to 
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this Apanteles is a chalcis fly, Péteromalus puparum Linn. (fig. 5), 
noticed in this country in 1869, having evidently been imported with 
its host. 

Wasps, particularly Polistes pallipes Lepel., and related forms are 
also of great service in reducing the numbers of this and other cabbage 
worms, appearing to prefer them to other prey. 

A small, evil-smelling plant-bug, Phymata wolffii Stal. (fig. 6), 
secretes itself in flowers, such as thistle and goldenrod, and destroys 
numbers of the butterflies, capturing them and sucking out their vital 
fluids. 


Fig. 5.— Pieromalus puparum: female at left; male at right—highly magnified (original). 


Numerous other enemies attack this cabbage worm in addition to the 
ones that have been enumerated,! and it is sometimes subject to a con- 
tagious bacterial disease? similar 
to that of the cabbage looper.’ It 
is, however, less susceptible to this 
malady, and is seldom destroyed in 
any numbers by it. The parasitic 
flles can be encouraged by collect- 
ing the larve and chrysalides of 
Fria. 6.—Phymata wolffii: a, dorsal view; 0, lat- the cabbage butterfly and placing 

eral view; c, front leg; d, snout—a, b, enlarged; them in barrels or boxes covered 
laa aaineabibie wan stint with coarse mosquito netting, 
which will prevent the butterflies from escaping when they develop 


and permit the much smaller parasites to issue and continue their good. 


work. 
REMEDIES. 
In the treatment of this species it should be kept in mind that other 
‘“worms’’ and other cabbage pests, are more often present than not. 
Arsenicals.—The best remedy is one of the arsenicals; and Paris 
ereen and arsenate of lead are preferred to others in common use. If the 
former is used it may be applied either dry or wet, preferably, however, 


(Arilus cristatus Linn.) and the armed soldier bug (Podisus spinosus Dall.). 
The cabbage worm is also parasitized by the Tachina fly Exorista vulgaris Fall. 
The writer has a list of 10 additional European parasites. 

2 Micrococcus pieridis Burrill. *Autographa (Plusia) brassice Riley. 


1 Among other predaceous enemies observed in this country are the wheel bug | 
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/as a spray, at the rate of about 1 pound of the poison to 150 gallons of 
water. It should be applied when the plants are first set out, so as to 
‘insure the poison reaching the young larve before they have burrowed 
‘far into the heads. Other applications should follow as required. 
‘These can be made with absolute safety until the heads are about half 
formed, and, for that matter, even later, as the poison disappears from 
plants almost completely within three or four weeks after application.! 

Bran mash.—A mixture of bran with Paris green, one of the standard 

remedies for cutworms as well as grasshoppers, is, according to the testi- 

“mony of some who have used it, successful against ‘cabbage worms,” 

-and should be tried against the present species. Any arsenical can be 
employed in the preparation of this mixture. It is best to mix the 
bran with water and sugar before adding the poison. The proportions 
are 2 or 3 ounces of sugar or other sweetening, and about 1 pound of 
bran, to a gallon of water; so as to make, when stirred, a mixture that 
will easily run through the fingers. In its application it is merely 
sprinkled, either wet or dry, over the affected plants. 

The hot-water remedy.—As long ago as 1883 water, at a temperature 
of about 130° F., was advised as a remedy for this cabbage “‘ worm.” 
It does practically no harm to the plants and kills all insects with which 
it comes in contact. It is scarcely applicable to large fields, however, 
on account of the difficulty of maintaining the proper temperature. 

Kerosene emulsion is not as effective as the arsenicals, because in its 
application it is necessary for the spray to come into direct contact with 
the larve in order to kill them. 

Pyrethrum is not so useful as an arsenical. Of its effectiveness Dr. 
James Fletcher, who still advocates its use in Canada, wrote in 1891 
that “ diluted with four times its weight of commpn flour, and then kept 
tightly closed for twenty-four hours (before use), leaves nothing to be 

desired, and thousands of dollars are yearly saved to small growers, who 
most need assistance.’’? Pyrethrum is rather costly and, though said to 
discolor the leaves, has the advantage of not being poisonous to human 


1 Harmlessness of arsenicals when properly applied.—Chemical analysis has 
shown that cabbage which has been dusted or sprayed with an arsenical in the 
way prescribed, and then prepared for cooking in the usual manner a week 
later, has not even a trace of arsenic remaining. The use of arsenicals against 
cabbage worms is almost universal in the United States, although growers are 
sometimes loath to acknowledge the fact for fear of the loss of customers who 
are not fully acquainted with the harmlessness of the remedy. There are no 
authentic recorded instances known to the writer of poisoning from the con- 
sumption of cabbage treated with an arsenical. According to Gillette, 28 cab- 
bage heads, dusted in the ordinary way, would have to be eaten by a human 
being at one meal in order to produce poisonous effects. Still it is preferable, 
in order to avoid all danger, to use other insecticides in the case of vegetables 
that are to be eaten soon. On this head it might be well to cite the experience 
of a Virginia market gardener who dusted his cabbages with Paris green and 
flour, omitting to inform his family of the fact. A day or two later he ate 
heartily of this cabbage, as did others, and afterwards was questioned by his 
wife in regard to the peculiar powdery substance on the heads. Although pois- 
oning was anticipated, no ill results followed. 
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beings or domestic animals. If it is not used in liberal quantity, how-— 
ever, a proportion of the caterpillars are merely numbed by this mixture — 
and recover. Younger caterpillars are more susceptible. 

Hand-picking.—F¥or the kitchen garden where, for obvious reasons, it 
is undesirable to use arsenicals, hand-picking is sometimes practiced, 
especially when plants are first set out. : 

The corn-meal remedy.—According to Prof. L. Bruner, corn meal 
dusted on cabbage causes the “‘ worms”’ to drop off, and protects the 
crop until the meal is washed away by rain. It is applied in the morn- 7 
ing while the dew is on and is said to act as a deterrent. 

Clean farming and trap crops.—If cooperation in clean methods of | 
farming and in the use of arsenicals could by any possibility be secured, 
much of the loss due to the ravages of this pest might be averted. The 
practice of leaving cabbage stalks in the field after the main crop is off 
is areprehensible one. All remnants should be gathered and destroyed 
with the exception of a few left at regular intervals through a field as 
lures for the females to deposit their eggs. Such stalks, being useless, 
should, where feasible, be freely poisoned with arsenicals so that the 
last generation will have no place to develop in the fields. 

The utilization of natural enemties.—It is matter of common obser- 
vation, frequently recorded, that the two parasitic enemies of this 
species (Pteromalus puparum and Apanteles glomeratus) do excellent 
service in reducing the numbers of their host. The means by which 
they can be encouraged is described on page 6. 

Attempts have also been made to utilize diseases of this insect for its 
control, but without very encouraging results. 

Hellebore will kill this ““ worm,’’ but is not as satisfactory a remedy 
as the arsenicals. 

Trap leaves.—A remedy suggested by one of our correspondents was ~ 
tested by the writer against this and other cabbage “‘ worms,’’ includ- 
ing the looper, and found worthless. It consists in placing fresh cab- 
bage leaves over the heads at night, the supposition being that the 
‘““worms’’ will gather under these traps and can be destroyed next 


morning. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WasHIneTon, D. C., April 28, 1905. 


O 


- CIRCULAR NO. 61. 
2) 
4 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist. 


BLACK CHECK IN WESTERN HEMLOCK. 
By H. E. BurKE, Special Field Agent. 


ECONOMIC IMPORTANCE. 


Black check is the lumberman’s name for a common defect, consist- 
ing of a dark brown or blackish resinous scar, in the wood of the western 
hemlock. A few layers of the wood beneath this scar are slightly 
stained for a short distance around, and all 
of those above are thickened, curled, or in 
some way abnormal. When seen in a 
quarter-sawn board (radial section) the 
defect appears as a small, thin seam (fig. 1) 
_ from one-half to one inch long, with one 
- side curly. In a bastard-sawn board (tan- 
- gential section) it is an oval or circular 
. spot (fig. 5, g) that varies in diameter from 
one-half to one inch. In both cases it lies 
with the grain of the wood. 
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Hemlock timber growing on lowlands 

is often seriously affected, while that on 

higher land, especially above an altitude 

_ of 1,800 feet, appears to ‘be free from the 

p injury. In a large quantity of box stock 

' cut from lowland timber, nearly every 

board examined by the writer contained 

- numerous examples of the defect. 

_. Timber badly affected with this defect 
is nearly worthless for finishing, turning,  ,,.. ie aie a 
staves, and woodenware, for which it would a board approximately quar- 
otherwise be excellent. The injury is very ee 
conspicuous in bastard-sawn lumber, un- 

; fitting it for finishing or turning, while in that quarter-sawn (fig. 1) or 

cut across the grain it is apt to form an open seam which renders it 

- worthless for staves and woodenware, where tightness is required, but 

i it would appear that it is not materially detrimental to timber for con- 

- struction and other purposes. 

Taking into consideration the common occurrence and injurious effect 
of the blemish in lumber for certain purposes, and the large amount of 
timber concerned, the total loss caused by the check must be considerable. 
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This form of injury is due to the attack of the bark maggot ( Cheilosia 
alaskensis) subsequent to primary injury by the hemlock barkbeetle 
(Hylesinus n. sp.). . 

HISTORICAL. 

In 1902 Mr. Edward T. Allen, of the Bureau of Forestry,! described 
the defect which he had found to be caused by a maggot or larva of an 
unknown fly. 

In 1908-4 the writer made special investigations of the trouble, unde? 
instructions from Dr. A. D. Hopkins, to determine: (1) The species 
which is responsible for the damage; (2) the life 
histories and habits of the principal species and 
closely related forms, their natural enemies, ete. 
(3) whether or not the larvee are capable of enterin 
healthy, uninjured bark; and (4) the character 
and causes of previous injuries which induce attack 

The principal localities in which the work was 
carried on in connection with that on forest insects 
in general, were Hoquiam, Aberdeen, Satsop: 
Copales, Kent, Puyallup, North Bend, South Bend 
and Seattle, in the State of Washington, and the 
vicinity of Portland, Oreg. 


The first examination of infested trees was made 
in August, 1908, when maggots of various sized 
were found to be quite common in the bark of th 
trunks of living trees. Their presence was indi 
cated by small masses of*resin on the surface of 
i the bark. In and beneath each of these a single 
Fig. 2.—Box cage fastenea Maggot was at work in a cavity or hole which 

to side of tree to catch extended to the surface of the wood, where ther 

RM A te was a wound, evidently caused by this insect 
Similar wounds, partially healed, and others several years old werd 
found in the same trees, from near the outer layers of the sapwood td 
layers deeply buried in the heartwood. The latter were readily 
recognized as the black-check defect and there was no doubt left as tq 
their being caused by this insect, which should, therefore, be hereafte! 
known as the hemlock bark maggot. 

Experiments with different methods of rearing the adult insect were 
at once started. At first the infested resin masses with a portion of th« 
adjoining wood were cut out and placed in jars and tin boxes, but they 
soon dried up or molded. Then cages of netting placed over the resin 
masses on the trees were tried. These proved too flimsy and were hard 
to examine. Finally, cages were made from small baking-powder anc 
spice cans, by knocking off the bottoms, cutting the sides into narrow 


1 Bur. For., U.S. Dept. Agric., Bul, 33, ‘‘ The Western Hemlock,’’ pp. 19, 20, 23. | 
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strips, and punching holes for tacks in the tips of the strips (fig. 2). 
| This was found to be admirably adapted to the work; it was durable, 
, -eould be readily fitted to any surface, and was easily examined by 


‘simply removing the lid. 

. The investigations were started 
too late in the season to secure the 
jpop or adults, but many larvee in 
| yarious stages of development were 
Veollected and studied, and a num- 
| ber of the infested wounds were 
jeovered with the tin cages. 


if 


/ The most important result of the 
| first season’s work was the discovery 
that the primary cause of the attack 
and subsequent injury by the bark 
‘maggot was the work of the hem- 
‘Tock barkbeetle (Hylesinus n. sp.) 
\ (fig. 3, a)! which was found exca- 
‘ating short burrows (fig. 3, 0, ¢) in 
“the healthy bark, and through it 
‘to the surface of the wood, where 
a small wound was made, causing 
‘a slight flow of resin (fig. 3, f). 
Phese burrows were evidently made 
‘by the beetles for the purpose of 
obtaining food, and not for the 
‘purpose of depositing eggs, since 
“neither eggs nor larve of the beetle 
‘were found, and the burrows were 


y 


soon abandoned. Some of these Fia. 3.—Development of the black check in west- 


, food burrows were healed over with- 
‘out further injury to the wood, 
‘while others were open and con- 
‘tained a small amount of resin. 
These abandoned galleries, with the 
‘resin, formed ideal places for the 
young bark maggots to begin their 
“work, and were, apparently, utilized 
‘im preference to any other wounds. 
* The investigations of 1904 were 
‘more successful. Upon the first 
‘examination of the breeding cages on 


ern hemlock: a, the beetle (Hylesinus n. sp.) 
that makes the primary injury—natural size; b, 
entrance of beetle in outer bark; c, longitudinal 
section of a similar entrance; d, same as bp, 
showing wound in inner bark; e, same, showing 
wound in outer sapwood; f, resin exuding from 
an entrance after beetle has gone; g, fresh resin 
mass on outer bark, indicating hemlock bark 
maggotat work; h, longitudinal section of simi- 
lar mass, showing position of maggot; 1, maggot 
wound ininner bark; j,same, in outer sapwood: 
k, resin mass after maggot work is done and 
the pupa is formed; /, longitudinal section of 
similar mass, showing pupa, the wound begin- 
ning to heal (original). 


April 27 one adult male was found. 


On April 30 a female emerged, and May 8 two males were secured from 
|resin masses placed in cages in the laboratory. Another female was 


1 Bul. No. 48, Div. Entom., 


U. S. Dep. *Agric., p 20. 
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taken on May 10, while it was flying in the sun in a field near the forest. 
No adults were found in the cages or collected after May 10, which 
would indicate that in this locality the adults emerge during the last of 
April and the first of May. Specimens of the fly were sent to Mr. D. W. 
Coquillett, who identified them as Cheilosia alaskensis Hunter. 

The last examination of the field breeding cages was made on Octo- 
ber 10. A number of the resin masses that were caged in October, 1903, 
still contained larvee. This would indicate that the insect lives several 
years in the larval state. The fact that larvee of various sizes were 
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Fig. 4.—Hemlock bark maggot (Cheilosia alaskensis): m, Resin mass with exit hole, adult fly hav- 

ing emerged;,n, longitudinal section of similar mass, showing wound in inner bark and outer 
sapwood, pupal chamber and exit hole in outer pitch mass, and original beetle entrance con- 
necting them; o, healing wound in inner bark beneath mass like m; p, healing wound in outer 
sapwood beneath mass like m; q, longitudinal section of wound p; r, maggot: s, puparium; ¢, 
pupa; wu, adult, male; v, head of female—all about twice natural size; w, larval head—enlarged 
about 20 times; x, antenna—enlarged about 45 times (original). 


found at all times of the year and adults only in the spring strengthens 
this belief. 


LIFE HISTORY AND HABITS OF THE HEMLOCK BARK MAGGOT. 


The female fly was not observed ovipositing, nor was the egg found, 
but young larve were collected from the barkbeetle wounds. It there- 
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fore seems evident that the egg is laid on or in the slight flow of resin 
that exudes from such a wound (fig. 3, f). No evidence was found that 
the larva could make an independent entrance through the bark. 


DESCRIPTION OF THE STAGES. 


The larva.—The larva (fig. 4, 7) is a whitish maggot with a small, 
wrinkled head almost buried in the front end of a plump, subcylindrical, 
segmented body that terminates behind in a long, telescopic, protractile 
tail. The head (fig. 4, w) has a pair of stout, black, forked mandibular 
hooks, and is densely clothed with short brown spines. When exam- 
ined with a microscope, a pair of small branched feelers (antennee) are 
found just above the hooks. The body seems smooth to the naked eye, 
but it is quite thickly covered with minute spines. Just back of the 
head, upon the dorsal surface of the first segment, is a pair of widely 
separated, small, fleshy tubercles. Hach bears a dark brown breathing 
organ (spiracle). Most of the segments have a pair of fleshy append- 
ages, probably false feet, on their ventral surface. Upon the ventral 
surface of the last segment, and surrounding the anus, which opens there, 
are often seen five or six heavily convoluted, bladder-like protrusions. 
These are probably the rectal glands. 

The tail is about the same length as the body. It bears several pairs 
of the fleshy foot-like organs, and terminates in a dark-brown fork, each 
branch of which is armed with a whorl of four strong plumose bristles. 
It is simply a long breathing tube that may be lengthened or shortened 
at will to meet the varying depth of the resin mass covering the body. 
The tip, or fork, bears and protects the spiracles, which must always 
be kept out to the air. The full-grown larva, including tail, is from 
0.6 to 0.8 inch in length, and 0.08 to 0.12 inch in width at its largest 
part. 

The puparium.—The puparium (fig. 4, s, ¢) is formed within the last 
larval skin. The larva lies doubled up with the tail bent over the back 
and the head just within the outer surface of the resin mass. The tail 
shortens up, appears to lose its breathing function, and the body 
becomes more compact and solid. The two spiracle-bearing tubercles 
on the back of the first segment become elongated into horns, and form 
the breathing tubes. The larval skin does not seem to become very 
much thickened, nor any darker, as is usually the case in related forms. 
It remains quite transparent and the outlines of the puparium can be seen 
through it quite plainly. The puparium, including the inclosing larval 
skin, is 0.28 to 0.36 inch in length, and 0.12 to 0.16 inch in width. 

The adult.—When full development is reached, the head of the larval 
skin is pushed out and the adult emerges. This usually takes place 
in April or May. The adult (fig. 4, w) is a small black fly, about 0.36 
inch in length, 0.12 inch in width, with wings 0.32 inch in length, and 
is rather densely covered by medium black hairs. The male is more 
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slender than the female, which has a rather broad pointed abdomen. — 
The eyes of the male are contiguous on the top of the head, while those 
of the female (fig. 4, 7) are quite widely separated. Little is known 
of the habits of the adults. Though carefully sought for, only one speci- 
men was taken in the field. This was flying in the sun in a little 
meadow at the edge of a forest. The species was described! from a 
single female taken at Cook’s Inlet, Alaska. There is also a female 
from Yakutat, Alaska, in the U. 8. National Museum Collection. 


HABITS OF THE LARVA. 


The larva is usually found in the wound (fig. 3, 2), surrounded by the 
soft resin. The head and body lie in the inner part next to the sapwood, 
while the tail extends out through the bark and outer resin mass, with the 
spiracles opening into the air. The cambium, or growing layer, which is 
composed of soft, living, outer sapwood and inner bark, is bruised and 
torn by the mandibular hooks until quite a wound is made. This is 
enlarged as its occupant grows in size. The resin is pushed out of the 
entrance and forms an irregular, globular, reddish-gray mass on the 
outer bark (fig. 3, g, &, and fig. 4, m). 

Breathing through its tail and feeding on the sap and soft tissues of 
the tree, the larva lives in the wound until it becomes full-grown. This 
takes, in some cases at least, several years. Some larve, from eggs 
laid, probably, in May, 1903, had not changed to adults in October, 
1904. All sizes of larvee are found at all seasons of the vear, but the 
adults during April and May only. The wounds (fig. 3, 7, 7) show that 
as many as five successive layers of new growth may be eaten, although 
the usual number seems to be three. These facts seem to indicate that 
living representatives of several broods may be found at any time, and 
that the length of the larval stage is variable. It is probable that under 
unfavorable conditions it may be prolonged to four or five years, while 
if the conditions are favorable it may be shortened to one year. 

Although the larva is usually found in the wound as described before, 
it sometimes moves around in the outer resin mass and even on the 
outer surface of the mass. In the spring the fully developed larva with- 
draws to the outer mass to pupate (fig. 3, 1). 

The primary wound made by the barkbeetle through the bark remains 
‘the same size as the beetle leaves it, and the bark maggot occupies the 
chamber between the inner bark and wood. Both entrance and cham- 
ber are filled with resin. The completed wound (fig. 4, 0, p, q), there- 
fore, consists of the beetle burrow, which is about 0.08 inch in diame- 
ter, through the outer and inner bark to the inner chamber, which is 
one-half inch to 1 inch in diameter. The external resin mass is 0.6 
inch to 1 inch in diameter, and 0.4 to 0.6 inch in depth. 


1W. D. Hunter, Can. Ent., Vol. XXIX, p. 124, June, 1897. 
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As soon as the maggot leaves the inner chamber the irritation ceases 
and the wound begins to heal. The cambium grows down into it year 
after year, and the annual growth of wood formed there slowly covers 
it over until in three or four years it is completely buried (fig. 5) 
beneath the new growth and thus forms the black check. 

As the wood grows down into the wound in healing it over, a depres- 
sion is formed in each new layer, but sometimes the new layer thickens 
around the depression and forms an elevation above the surrounding 
surface. In both cases an ornamental curl is formed that will show as 
a bird’s-eye effect in bastard-sawn or longitudinal sections of the wood. 


Fia. 5.—a, Longitudinal section of wood containing a black eheck; b, the check; c, the stain in 
the wood beneath it; d, the curls in the wood covering it; e, the resin mass on and in the bark; 
f, section a split into four sections to show tangential views; g, tangential view of check. 
hh, tangential view of curls; i, black spot or oldresin mass (original). 


NATURAL ENEMIES. 


Two hymenopterous parasites were bred from the syrphid puparia. 
Dr. Wm. H. Ashmead, of the U. 8S. National Museum, identified one 
of these as an ichneumonid (Syrphoctonus maculifrons Cr.) and the 
other as a chalcidid (Hutelus flavipes Walk.). Both species are fairly 
common, and probably aid greatly in keeping the trouble in check. 

Syrphoctonus maculifrons Cr.—This is a small wasp-like ichneumon 
fy about 0.386 inch in length. It has a dark body marked by a 
few white patches at the bases of the wings and legs. The face is 
nearly covered by a square of white, and the legs are reddish brown. 
The abdomen of the male is more slender than that of the female, and 
the white square on the face is larger. The earlier stages are not known. 
Pupation takes place in the body of the maggot in the outer resin mass. 
The adult emerges during the latter part of June or the first of July. 
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Each maggot furnishes subsistence for but a single parasite. Adults” 
were bred from resin masses of both the hemlock and the lowland fir 
bark maggots. 3 . 

Hutelus flavipes Walk. is one of the small chaleidid flies. The 
females have dark metallic-green bodies, cherry eyes, light brown legs, 
rather dark antenne, and are about 0.12 inch in length. The males 
are smaller, about 0.08 inch long, and have a broad yellow band across_ 
the abdomen. Their bodies are a lighter green and the legs and anten- 
ne are yellow. EKach maggot supports a number of parasites, usually 
about a dozen. The pupz are formed in the body of the host in the 
outer resin mass. The adults emerge during the latter part of June. 
This species was bred only from the hemlock resin magses. 

These two parasites were the only natural enemies found. There was 
no evidence of any bacterial or fungous disease, and the maggot is so 
concealed in the bark and resin that it is well protected from preda- 
ceous enemies. 

ASSOCIATES. 

Two small pill beetles (Amphicyrta simplicipes Mann. and Simplocaria 
nitida Mots.) were frequently found on and near the resin masses. Their 
relation, if any, to the syrphid was not determined. 


METHODS OF PREVENTING LOSSES. 


Since the black check is the result of the work of the insects during 
past years, or even centuries, and is thus distributed all through the 
wood of the trunks of the matured affected trees, the only methods 
which appear to be available for preventing losses are: 

(1) Where clear stuff is required, select timber which, as indicated 
by the absence of the old resin masses on the bark, is free from the 
trouble. 

(2) Utilize timber from badly affected trees for box material and 
other purposes where the checks are not objectionable. 

(83) Utilize the bird’s-eye or curled wood for natural-wood finish. 


BARK MAGGOTS IN OTHER TREES. 


THE LOWLAND FIR BARK MAGGOT. 


In 1903, while studying the black check of the hemlock at Satsop, 
Wash., a similar trouble was discovered in the white or lowland fir. 
The insect causing it was reared and proved to be Cheilosia hoodianus 
Bigot, a species closely related to the hemlock fly. The maggot is very 
similar in size, appearance, and habits. The adult is a trifle larger and 
not so dark in color. The thorax is dark brown, and the abdomen a 
light chocolate. The emergence of the adult takes place a little later 
in the season than that of the hemlock species. Most of those reared 
emerged about the middle of May, but the last one did not come out 
of the resin mass until August 12. 
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The work of the two species is very similar. The fir is a more rapidly 
jgrowing tree than the hemlock and the wounds under the bark, there- 
/fore, go deeper into the sapwood. These wounds, also, occur more 
‘often in patches. The primary injury is made by several species of 
‘barkbeetles, viz, the western hemlock barkbeetle (Hylesinus n. sp.), 
the larger fir-tree barkbeetle (Hylesinus granulatus Lec.), and prob- 
ably other species. 

Two specimens of the parasite Syrphoctonus maculifrons Cr. were 
bred from the resin masses. No other enemies were seen. 
; Satsop was the only place where the trouble was noticed. The amount 
of damage done and the distribution of the insect causing it are not 
known. | 
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THE ALPINE FIR BARK MAGGOT. 


On October 24, 1904, a bark maggot was found in a resinous wound 
on the trunk of an alpine fir at Smith’s Ferry, Boise County, Idaho. 
The wound seemed to have been started from an old limb scar. Only 
one specimen was found. It resembled the maggots of the hemlock 
and lowland fir, and is probably the larva of another species of Cheilosia. 
The amount of damage it causes was not determined. 


] THE SITKA SPRUCE BARK MAGGOT. 


A maggot closely resembling the other species, except that it has a 
short tail, is quite common in the wounds on the trunks of Sitka spruce. 
It is usually found in the pitch around the edges of the large resinous 
wounds caused by the spruce pitch-worm (Parharmonia picew Dyar). 
Several maggots live in the same wound, and the irritation produced 
by their feeding keeps it open for so long a time that an ugly scar is 
formed in the wood. Several generations may live in the same wound. 

- Pupation takes place in the drying resin of the wound. This is prob- 
ably a species of Cheilosia. Hoquiam, Wash., was the only place where 
the trouble was noticed. : 


THE YELLOW PINE BARK MAGGOT. 


A dark, subcylindrical dipterous puparium was very common in pitch 
exuding from axe: and other wounds in the bark of young yellow pine 
(Pinus ponderosa) trees at Moscow Mountain, Idaho, and barkbeetle 
' (Dendroctonus sp.) and sapsucker wounds in the bark of the young 

trees of yellow pine, and the lodgepole pine (Pinus murrayana) at 

Smith’s Ferry, Idaho. No adults were reared. The species is probably 
, a syrphid, possibly a Cheilosia, though the puparium does not resemble 

those of Cheilosia alaskensis and hoodianus. The amount of damage 


. done is unknown. 
| CONCLUSIONS. 


(1) Western hemlock timber growing on low land is often affected by 
| a defect known as black check, which renders a large percentage of the 
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wood worthless for finishing, staves, and woodenware, but apparently is 
not seriously detrimental to timber for other purposes. 


(2) The black check is caused in nearly every case by an injury to_ 
the cambium (growing layer) of the trunk by the hemlock bark maggot, 


Cheilosia alaskensis Hunter. Somewhat similar defects may be caused 
by barkbeetles, bark-borers, sapsuckers, or anything that makes a 
wound in the cambium, which afterwards heals. 

(3) The maggot enters the bark through an abandoned food burrow 


made by the hemlock barkbeetle (Hylesinus n. sp.). It gradually — 


enlarges the burrow into a small wound, in which if lives for several 
years, feeding on the sap and cambium. In the spring, when full 
grown, it pupates in the resin mass which has formed on the outer bark 
around the entrance to the wound. The puparium soon changes to the 
adult, which emerges in April or May. The egg is probably laid on the 
resin exuding from the abandoned gallery of the barkbeetle. 


. 
; 


: 


(4) A near relative (Cheilosia hoodianus Bigot) of the hemlock — 


bark maggot causes, in a similar manner, a black check in the timber 
of lowland, grand, or white fir (Abies grandis). It enters the bark 
through the abandoned food burrows of several species of barkbeetles. 

(5) The alpine fir (Abies lasiocarpa), the Sitka spruce (Picea sitch- 
ensis), and probably many other trees are injured more or less by bark 
maggots that enter wounds and enlarge them or keep them open until 
the conditions are such that checks form in the timber. 


(6) For preventing losses in timber cut for purposes requiring clear — 


stuff, select trees growing at altitudes above 1,800 feet and those at 
lower elevations which are free from the black indicating spots (old 
resin masses) on the bark. 
Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., May 24, 1905. 
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United States Department of Agriculture, 
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L. O. HOWARD, Entomologist. 


THE CABBAGE HAIR-WORM. 


By F. H. CHITTENDEN, 
In Charge of Breeding Hxperiments. 


Not since the “ kissing-bug’’ craze which originated in Washington, 
D. C., in June, 1899, and spread generally throughout the country, has 
there been anything like such a furor as was created by the discovery of 
the so-called “cabbage snake,’ a species of hair-worm, m the heads 
of cabbage in Tennessee, South Carolina, and Louisiana, in the fall of 
1903. That year the cabbage-snake scare was practically confined 
to Tennessee and neighboring States southward. The first specimen of 
Mermis albicans Diesing (fig. 1), which is the cause of the trouble,! was 
identified from McCays, Tenn. This creature and its still somewhat 
mysterious occurrence in cabbage has become a matter of much per- 
plexity and annoyance to many of our correspondents, to economic 
entomologists, and to chemists and physicians of the States where the 
Mermis most abounds. Many reports have been received from reliable 
correspondents of rumors of persons being poisoned by eating cabbage 
affected by this hair-worm. Some 
‘of these were gleaned from the daily 
press, and many clippings of the 
“yellow journalism ”’ order were re- 
ceived. Among them were alleged 
reports from a physician who stated 
that when cabbage affected by hair- 
worms was eaten it produced instant 
'death, and from a State chemist”’ 
who made an examination of the 
worm and reported that it contained 
enough poison “to kill eight per- 
sons.’”’ In Raleigh County, W. Va., 
the cabbage crop was reported a complete failure, and “there was 
enough poison contained in one worm to poison 25 men.’”’ It should 
be unnecessary to add that none of these reports had any foundation in 
fact. Nevertheless the known presence of the hair-worm in an affected 
district seriously injured the demand for cabbage there, causing very 


Fie. 1.—Hair-worm (Mermis albicans)—natural 
size (original). 


1So many inquiries in regard to the identity of the creature and its alleged 
poisonous nature were received that a short account was furnished under the 
title ‘‘ Hair Worms in Cabbage,’’ in Bul, 44, of this office, pp. 93-95; and similar 
inquiries are being made. to date of publication. During 1904, frequently five or 
six communications were received daily. 
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considerable loss to truckers and grocers. The exaggerated reports of 
1903 were not seriously considered; and it was a matter of surprise — 
when they were reiterated the following year, and what was in reality 
a hoax assumed most serious proportions, not alone because of wide- 


ee 
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spread alarm caused by erroneous reports of loss of life, but also 


because of the very material loss to cabbage growers and others who 
handled this commodity, and the decided extension of the area in which 
the hair-worm was detected. Encouraged by erroneous reports, evi- 
dently incited in many cases by unscrupulous persons, the scare soon 
became widespread, causing general fear of poisoning from Virginia and 
West Virginia southward through the same States as were affected in 
1903, and into Florida, and in addition westward to Kentucky, Illinois, 
Iowa, Missouri, Oklahoma, and Colorado. 


DESCRIPTIVE. 


The cabbage hair-worm is aptly described as resembling a piece of 
basting thread, of the thickness of a strand of corn silk, of a darning 


needle, of a No. 36 or No. 40 thread, or like a horse hair; white in 


color; found coiled, or coiling and uncoiling; stretched at length or 
crawling in cabbage heads; its length varies from 2 to 9 inches, but 
reports have been received of a creature found in the heads of cabbage 
measuring 9 feet! The imagination of newspaper writers as to color 
runs riot through “ green, white, light red, olive green, and yellow.”’ 

As a matter of fact this hair-worm is filiform or thread-like, and when 
it attracts attention on cabbage, measures generally from 4 to 8 inches. 
One specimen, doubtfully of the same species, measured when uncoiled 
22 inches or nearly 2 feet. The color is white or whitish, although it 
sometimes has a pale brownish or greenish tinge. 


THE SPECIES IDENTIFIED. 


Many popular names have been bestowed upon this worm, including 
“cabbage snake,’’ ‘snake,’ ‘““snake worm,’’ serpent,” “ reptile,” 
“cabbage rattlesnake,’ occasionally “cabbage worm,’’ and seldom if 
ever hair-worm. Most specimens submitted for identification have 
proved to be what is known as Mermis albicans Diesing.’ This crea- 
ture is neither an insect nor a snake, but one of the hair-worms of the 
order Gordiacea. The principal species of this order belong to the gen- 
era Gordius and Mermis, and were treated somewhat at length in 1877.7 


1 1 The sHiaies of Diesing, Siebieldl Veisunens ine mers ive e led to the expredaa 
belief that 7. albicans is merely the mature sexual form of acuminata, the lat- 
ter name having priority. 

2 First report of the U. 8S. Entomological Commission, published in 1877 (pp. 
326-334). The hosts of hair-worms include many Orthoptera (grasshoppers or 
locusts, crickets, and katydids). They are sometimes parasitic on beetles, more 
particularly Carabide or ground beetles, on bees and flies, on caterpillars of but- 
terflies and moths, and even on snails. 
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Mermis albicans was received during 1903 in a piece of apple, found 
coiled near the seed. This species is known to be parasitic on the cod- 
ling moth or “apple worm” (Carpocapsa pomonella Linn.), which 
‘accounts for its presence in this instance (1. c., p. 327). It is also 
parasitic on certain common and destructive forms of grasshoppers, 
Melanoplus spretus Thos. or rocky mountain locust, M. differentialis 
Thos. or differential locust, Schistocerca americana Dru., and Dissos- 
teira carolina Linn.! 


LOSSES OCCASIONED BY RUMORS OF THE POISONOUS NATURE OF THE 
HAIR-WORM. 


The presence of this hair-worm in cabbage and the unfortunate noto- 
riety which has been given it, including the circulation of the merest 
rumors, mostly vague and uncertain, of so many persons being poisoned 
by eating affected cabbage, has seriously injured the money value of 
this vegetable very generally throughout the affected States. Although 
the cabbage hair-worm is not in the shghtest degree deleterious to 
health, the credence given to the most absurd rumors which were cir- 
culated has injured cabbage for consumption and hence for sale. In 
parts of Illinois the fears of growers and purchasers were such that 
farmers were letting their cabbage go to waste. At Quinter, Kans., 
quantities of cabbage shipped from Colorado were reported burned 
because of the presence of the hair-worm. In Tennessee it-was esti- 
mated that in 1904 fully 85 per cent of the cabbage crop of the State 
was lost—in fact, a’sudden and complete suspension of the industry 
was actually caused. Similar reports were received from various por- 
tions of Missouri, Iowa, West Virginia, and Virginia. ‘In Cheatham, 
Smith, Franklin, Coffee, Bedford, and other counties [in Missouri] 
hundreds of barrels of sauerkraut were destroyed through fear that the 
dreaded snake might be a part of the ingredients.’’ At Columbia, Mo., 
hundreds of dollars worth of cabbage were lost. Many gardeners claimed 
that they could not sell a single head on account of the “snake scare.”’ 


ALLEGED SICKNESS AND DEATH CAUSED BY HAIR-WORMS. 


The general impression in regard to the poisonous nature of the cab- 
bage hair-worm has been mentioned, yet considerable differences of 
opinion prevail. To repeat alleged deaths and poisoning in detail 
might have the opposite effect from that for which this circular was 
prepared. Stories were circulated of whole families being poisoned by 
eating cabbage affected with the hair-worm, sometimes with the reser- 
vation that no one knew personally of their truth, and that many 


1 The classification and habits of Mermis have not been given much study, hence 
some slight doubt exists as to the species of Mermis observed in the case of some 
of the hosts cited, but if one species will affect both lepidopterous larve and 
grasshoppers, this is evidence of its not being overparticular as to its host. 
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cases were traced to their source and found to be utterly without foun- 


dation. From Tennessee came a report of the death in one town of a_ 


man, woman, and six children. In portions of the same and in other 
States, persons were stated to have been taken ill with pain and vomit- 
ing after having eaten cabbage on which the worms were subsequently 
found. Possibly the consumers had been seized with temporary hys- 
teria, imagining that they had unconsciously eaten many individuals, 
hence the symptoms. Others were reported severely poisoned or dead. 
In most cases exact localities were furnished, but names were wanting. 
In some cases domestic animals were said to have been poisoned; in 
others cabbage was fed to them without any ill results. 

The death of a man and wife and their four children in an Illinois 
town after eating snake-worm infested cabbage was reported in several 
newspapers and the family name mentioned : 

The entire family of six ate the cabbage at supper and died during the night. 
A cabbage in the garden was examined and found to contain worms the size of 
a thread, 8 or 10 inches long and about the color of the cabbage. The cabbage. 
was cut up and fed to animals, and all died. Farmers are destroying all their 


cabbage. ‘Three persons in the neighborhood have recently died after eating 
cabbage. 


In response to inquiry from this office the postmaster of this town, 
the name of which is omitted for obvious reasons, wrote December 17, 
1904, that efforts were made to locate the origin of the account, but 
without success. 

LIFE HISTORY. 


The hair-worms of the genus Mermis develop within the body of their 
host and, according to various writers, when about full grown desert it 
by rupturing the body wall. These individuals are undeveloped sexually, 
and characterized by a mouth consisting of a minute aperture, and a 
minute anal point which is generally curved. On issuing from the host 
the worm bores into the earth and conceals itself. During this stage in 
the soil no food is taken, though several months may elapse, the creature 
hibernating and becoming sexually mature before copulation takes place 
in the spring. The sexes unite in knots, and the female deposits 
numerous eggs! in the ground. Here the young, which are thread-like 
like their parents, hatch and burrow upward to the surface, and enter 
as parasites the bodies of caterpillars and various soft insects, such as 
are found under leaves and other débris near the ground. 

The habits of Mermis in Europe have given rise to the belief in a rain 
of worms. Not infrequently in summer time, after a warm rain at night, 
swarms of these hair-worms appear on the surface of the earth, whence 
the supposition that they are rained down. 


‘It might be added that hair-worms positively do not develop from horse hairs. 


ON 


/OTHER WORMS, INSECTS, ETC., MISTAKEN FOR THE CABBAGE WORM. 


Numbers of hair-worms other than Mermis albicans, the larvee of sciarid 
flies, and some species of myriopods, as also angleworms, have been 

received as undoubted cabbage snakes or as suspects. In fact, gullible 
‘people throughout the affected region have literally gone “ hunting for 
trouble”’ and have sent everything conceivable except the true cabbage 
worms (caterpillars of moths and butterflies), which are altogether too 
well known, as suspected “‘ cabbage snakes.’’ Some of these, all, with 
the possible exception of the myriopods and sciarids, of accidental 
occurrence on cabbage, will be mentioned. 


Mermis spp.—Various species of Mermis, related to albicans but differing in 
various particulars, have been received with the usual reports of poisonousness. 
One species of hair-worm, resembling the ‘‘cabbage snake’’ and possibly the 
same species, was received from St. Clara, W. Va., in March, 1905, which 
measured nearly 2 feet in length (22 inches) when uncoiled. 

Paragordius varius, a suspect, was not found in cabbage but in water 
out visible means of support,’’ in Virginia. 

Geophilus spp.—Numbers of myriopods of the order Chilopoda, which includes 
the centipedes and millipedes, were among this number, nearly all belonging to 
the genus Geophilus. There appear to be no positive records of any forms of 
these creatures found in the United States inflicting serious injury to man, but 
certain tropical forms are decidedly venomous. These creatures sometimes 
attack man, if accidentally handled, but they are not known to occur in cab- 
bage. The poisonous species are large and conspicuous, and therefore not liable 
to be eaten with food. The species of this genus have carnivorous habits, and 
there is a possibility that they may destroy some forms of cabbage worms and 
hence may be beneficial. 

Karthworms.—Specimens of earthworms, in bad condition so that identification 
was impossible, were received from West Virginia and Ohio, where they were 
mistaken for the cabbage hair-worm. 

Sciarids.—The larve of sciarid flies were received in several instances from 
August until October, 1904, chiefly from Tennessee, Virginia, and South Caro- 
lina. A correspondent at Dufheld, Va., pronounced these maggots poisonous, 
and said that death had resulted from the use of cooked cabbage in which they 
had been found. A correspondent at Yokum, Ky., made a similar report. 


“f-with- 


HAIR-WORMS POSITIVELY NOT POISONOUS. 


In spite of repeated published and written statements that the so- 
called cabbage snake is not poisonous, this fact has not been given very 
general credence, hence the matter is still imperfectly understood by 
many. As it is anestablished fact that none of the hair-worms possess 
poisonous properties, it was not considered necessary to make any analy- 
ses or experiments at this Department to demonstrate their nontoxic 
quality. However, Dr. Louis Leroy, Nashville, Tenn., who corresponded 
with this office on this topic during August and September, 1904, under- 
took to demonstrate beyond peradventure of doubt that the hair-worm 
could not possibly cause harm to persons eating it or cabbage on which 
it had occurred, and, although he has already published on the subject 
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conclusions: 


During September he wrote that he had carried on a thorough investigation 
of the alleged poisonous nature of this hair-worm, and found absolutely nothing 
toxic connected with it, either when eaten raw or when cooked or on cabbage 
on which the creature had lived. Efforts to trace every reported case of poison- 
ing in Tennessee resulted in ascertaining that they were all without foundation, 
no authentic case could be cited, and finally, he says ‘‘I am at a loss to under- 
stand how such reports could gain credence and ever be published for facts in 
the daily press.’’ In order to determine whether or not the hair-worm had any 
poisonous qualities he instituted a series of experiments, using rabbits, guinea- 
pigs, cats, dogs, horses, and cows, finding that they could all eat the worms, 
raw or cooked, with impunity. Extracts from the hair-worms prepared with 
various solvents were also found to be entirely innocuous, administered inter- 
nally (per orem) and injected hypodermically. 

‘‘ Believing that possibly these worms might cause decomposition or fermenta- 
tion in the cabbage, with the production of poisonous substances, the result of 


the decomposition,’’ he allowed samples of cabbage, both raw and cooked, to 


decompose with the worms, and then tested the decomposed material for poison- 
ous properties as above, and in no case was any toxic substance obtained. 
Chemical analyses of the worms and the products of decomposition mentioned 
were made, and he was unable to find any ptomaine or other isolatable substance 
of a toxic nature. 


As a result the conclusion was reached “that the cabbage snake is 
entirely harmless, and that public rumors and superstitions are fallacies 
without semblance of foundation.’’ 


WASHINGTON, D.C. Jssued May 17, 1905. 
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it may be well, for the benefit of skeptics, to repeat in substance his 
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‘CIRCULAR No. 63, SECOND EDITION, 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 
L. O. HOWARD, Entomologist. 


ROOT-MAGGOTS AND HOW TO CONTROL THEM. 


By F. H. CHITTENDEN, 
In Charge of Breeding Hxperiments. 


The roots of vegetable crop plants of many kinds are subject to the 
destructive influence of maggots which injure them severely during 
certain seasons. Several forms of injurious root-maggots are recognized, 
but of these there are three species which are much more destructive 
than the others. The most important are the cabbage maggot and the 
imported onion maggot, the former a specific enemy of cabbage and 


Fig. 1.—Seed-corn maggot (Pegomya fusciceps): a, male fly, dorsal view; b, female, lateral view; 
c, head of female from above; d, larva, from side; e, anal segment of larva; f, anal spiracles; 
g, cephalic spiracles; h, puparium—all much enlarged (author’s illustration). 


other cole crops, the latter of the onion. <A third species, the seed-corn 
maggot, attacks the sprouting seeds of both onion and cole crops and of 
a considerable variety of other plants, afterwards working into the roots 


and stalks beneath the earth’s surface. As the last-mentioned insect is 


nearly omnipresent and omnivorous, it will receive first consideration. 

These species all belong to the genus Pegomya (Phorbia) of the dipter- 
ous family Anthomyiide. 

THE SEED-CORN MAGGOT. 
(Pegomya fusciceps Zett. ) 

Vegetable growers frequently find that planted seed fails to develop, 
and, on looking for the cause, discover a small white maggot which, from 
early-observed occurrence on seed corn, has been termed the seed-corn 
maggot. In more recent years it has often been associated with injury 
to beans, whence another name, “bean fly.”’ Many other vegetables 
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are subject to damage, cabbage, turnip, radish, peas, onions, beets, an 
seed potatoes being often much affected. This insect, which is generall 
distributed in the United States, is shown in its different stages in figure 1. 
It resembles the common house fly. The particularly. distinguishing 
characteristic of the fly is a row of short bristly hairs of nearly equal length 
on the inside of the posterior tibise or shanks of the male (fig. 1, a). 
The length of the wing is about one-fifth and of the body about one- 
sixth of an inch. There is little doubt that the insect is of European 
origin and that it is increasing in destructiveness in this country.+ 

In its earlier stages, also, the seed-corn maggot resembles the house 
fly. The maggot is footless and cylindrical, presenting in profile the 
appearance represented at d. It measures about one-fourth inch in 
length and about 0.04 inch in width. The color varies from nearly 


white to pale yellowish.” The maggot transforms into a puparium (h), 
barrel-shaped, of elliptical outline, and pale brown in color, measuring 


about 0.15 inch in length and 0.05 inch in diameter. 

Indications are that there are several generations of this species 
annually, one developing in the North in June from seedlings, and later 
ones from roots, dead or dying plants, and other refuse.® 

METHODS OF CONTROL. 

Owing to the difficulty of destroying root-maggots and other subter- 
ranean pests and the cost of chemicals for the purpose, growers depend 
largely upon methods of prevention. To be thoroughly effective these 
methods should be employed before the insect’s eggs are laid. 

Sand and kerosene.—A common method for deterring the parent flies 
from depositing their eggs consists in placing sand soaked in kerosene— 
a cupful to a bucket of dry sand—at the base of the plants, along the 
rows. This mixture will also kill young maggots that might attempt to 
work through it. 

Carbolic-acid emulsion.—For all three forms of root-maggots which 
we are considering, a carbolized form of kerosene emulsion is effective. 
This is prepared by adding to 1 pound of soap boiled in 1 gallon of 
water, one-half gallon of crude carbolic acid, and diluting the whole 
with from 35 to 50 parts of water.4. This mixture is applied about the 
stalks of the plants affected. It is best to use it a day or two after the 
plants are up, or are transplanted, and repeat every week or ten days 
until about the third week in May, in the North. Farther south these 
applications must be made earlier in the season. 


1A more extended notice is furnished in Bul. 33, n. s., Div. Ent., pp. 84-92. 

2In all material examined there are only 6 or 7 cephalic spiracles (fig. 1, g), 
whereas in the other root-maggots here considered there are 11 or more. 

’There is evidence that another maggot has been confused with this species. 

‘The mixture is effected according to directions furnished in Farmers’ Bulletin 


> 


127, p. 22 (1903 ed.), which will be furnished on application. 


eee SaaS 


9 
oO 


The use of mineral fertilizers.—Mineral fertilizers are useful as deter- 
‘rents, particularly when employed just before or after a shower has 
thoroughly wet the ground. The principal fertilizers for this purpose are 
/ kainit, nitrate of soda, and sulphate or chlorid of potash. They may be 
gused as top dressings before planting; or, if not employed until after- 
_wards, they should be applied as nearly as possible to the roots, the 
-earth being turned away from the plants for this purpose. These ferti- 
tlizers possess the advantage of acting also as a stimulant to plant 
‘erowth, thereby facilitating recuperation from root-maggot attack.! 

F Danger from use of organic fertilizers.—Stable manure and organic 
‘fertilizers are apt to induce infestation, since the species under consider- 
(ation is well known to develop in excrement and other decomposing 
material. Numerous instances of this have come to the writer’s knowl- 
‘edge during recent years. It is advisable, therefore, to avoid the use of 
/manure, rotted leaves, or other organic fertilizers, and to avoid planting 
in fields in which there have been infested or diseased plants. 

Hand methods.—<As soon as seed fails to appear at the proper time or 
the plants show signs of wilting and maggots are found to be present, 
the seed may be hoed out or the injured plants pulled and destroyed, 
together with the young maggots. 

Most of the methods mentioned above have been used with success 
against onion maggots and other root-feeding species, and are all that 
‘is required in many cases of ordinary infestation of vegetable roots. 


THE CABBAGE MAGGOT. 


(Pegomya brassicae Bouché.) 


Cabbage and related cruciferous crop plants frequently suffer severe 
injury from the attack of the cabbage maggot. Young plants are most 
seriously affected, the maggots eroding the outer surface and boring 

into the interior of the roots, devouring the tender rootlets and 
frequently penetrating into the lower porticn of the stalk. 

This insect, known also as the radish maggot, is an imported pest, 
and was first noticed ruining cabbage, cauliflower, and similar plants in . 
New York State about half a century ago. It does most serious injury 
throughout the northern tier of States and Canada, attacking all forms 
of crucifers, whether wild or cultivated. In that region it is the cause 
of more or less loss to these crops year after year, but as with other 
destructive insects, it is much more abundant in some seasons than in 

others. Since 1902 it has not only been exceedingly destructive, but 


1ft is frequently necessary to use these fertilizers in large quantities. In cab- 
bage fields a fertilizer of the proper composition is applied before planting at the 
rate of 1,000 to 1,500 pounds to an acre. After the plants have started growth, 
a top dressing of 100 pounds of nitrate of soda and 200 pounds superphosphate 
is added. When the heads are beginning to develop, a third application of 
about 200 pounds of nitrate of soda to the acre is often desirable. For details 
consult Voorhees’s ‘‘ Fertilizers.’’ 
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has increased in injuriousness from year to year. Frequently entire 
crops over considerable areas are completely destroyed. : 

Two or three generations of this maggot are indicated in the Northern 
States, and perhaps four or five in the South. 


METHODS OF CONTROL. 


Since this species also is a root-feeder, the remedies prescribed for the 
seed-corn maggot are applicable. In addition there are certain prevent- 
ive and other measures for its destruction that have been found success- 
ful, their use being justified by the great value of cabbage plants. 

Carbolic-acid emulsion, prepared as prescribed on page 2, and diluted 
about 85 times, is particularly applicable when this maggot occurs on 
radish and other plants than cabbage and cauliflower. 

Hand picking, although laborious, has the merit of being effective, 
and is practiced with considerable success by extensive cabbage grow- 
ers, although not practicable on radish and similar crops. It consists 
in pulling up the young cabbage or cauliflower plants, examining the 
roots for eggs and maggots, and either destroying the eggs and maggots 
by crushing with the hand or by washing the roots in a strong solution of 
soap and then replanting. In most cases the plants show no ill effects 
from this treatment after two or three weeks have elapsed. By looking 
closely, the minute white eggs may be seen about the stalks of young 
cabbages, and if the earth be raked away so as to expose the eggs to 
the sun these will dry up, thus preventing the maggots from hatching. 
Afterwards the plants should be hilled. 

Methods of cultivation.—Experience shows that comparatively little 
is to be expected from various farming methods which are sometimes 
perfect safegards against other insects. Whatever might be advised and 
found successful on one farm might, for one or more reasons, be found 
ineffective on another. 

By keeping the soil well hilled around the plants the cabbage develops 
more roots, thus affording more food for the maggots and still leaving 
enough roots to strengthen the plant itself. 

Crop rotation should be followed with any plants other than crucifers 
or onions. With these latter it is inadvisable, as the same atmospheric 
or other conditions which induce injury by the cabbage maggot seem to 
operate in increasing the numbers of the onion pest, which has a similar 
distribution. 

Fall plowing is advisable. 

Crop remnants of all crucifers, and particularly cabbage stumps, should 
be removed and destroyed, especially early in the season. Late in the 
fall a less number of maggots would be destroyed in this way, but it is 
always a desirable method for the protection of the crop against other 
pests which harbor in the old stalks or feed on the new leaves in early 
winter, to appear the next spring. 
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Gas lime, applied about each plant, has often been advised as a 
remedy, but those who have tried it are almost equally divided as to its 
efficacy. It is well worth further experiment. where the gas lime can 
be obtained fresh without difficulty. It may frequently be had for the 
cost of carting. 

The bisulphid of carbon treatment.—In case tarred paper cards, which 
will presently be described, or other preventive methods here given, are 
not employed, and the insects occur in great numbers at the roots of 
cabbage, bisulphid of carbon may be used. It should be applied below 
the root system with a special injector or syringe,’ taking care that the 
application is not made di- 
rectly to the plants, as it is 
very likely to killthem. A 
hole is made a little distance 
(3 or 4 inches) from the 
plant, and the injector in- 
serted at an angle, as shown 
in fig. 2. After injecting the 
liquid the instrument should 
be withdrawn and the hole 
closed by packing it down 
with the foot. From a tea- 
spoonful to a tablespoonful to 
each young plant, and a sin- 
gle application, is generally 
sufficient. 

Tarred paper cards.—The 
use of disks or pads of tarred 
paper for the protection of 
cabbage against the oviposition of the fly was perfected in 1889 by Mr. 
W. H. Goff, who describes his cards and the manner of cutting them as 
follows: 


The cards are cut in a hexagonal form (fig. 3), in order to better economize 
the material, and a thinner grade of tarred paper than the ordinary roofing felt 
is used, as it is not only cheaper, but being more flexible, the cards made from 
it are more readily placed about the plant without being torn. 

The blade of the tool, which should be made by an expert blacksmith, is 
formed from a band of steel, bent in the form of a half hexagon, and then taking 
an acute angle, reaches nearly to the center, as shown in fig. 5. The part mak- 
ing the star-shaped cut is formed from a separate piece of steel, so attached to 
the handle as to make a close joint with the blade. The latter is beveled from 
the outside all around, so that by removing the part making the star-shaped cut 
the edge may be ground on a grindstone. It is important that the angles in the 
blade be made perfect, and that its outline represent an exact half hexagon. 


Frag. 2.—Bisulphid of carbon injector in use. 


!'What is known as the McGowen injector, formerly manufactured at Ithaca, 
N. Y., but no longer for sale, has proved most successful. 
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To use the tool, place the tarred paper on the end of a section of a log or 
piece of timber and first cut the lower edge into notches, as indicated in fig. 4, 
using only one angle of the tool. Then commence at the left side, and place th 
blade as indicated by the dotted lines, and strike at the end of the handle with 
a light mallet, and a complete card is made. Continue in this manner across 
the paper. The first cut of every alternate course will make an imperfect card, 
~and the last cut in any course may be imperfect, but the other cuts will make 
perfect cards if the tool is correctly made and properly used. F 

The cards should be placed about the plants at the time of irandplaneaees To 
place the card, bend it slightly, to open the slit, then slip it on the center, the 
stem one the slit, after which spread the card out flat, and press the points 
formed by the star-shaped cut snugly 
around the stem. 

A Wisconsin grower protected 7,000 
plants and secured a splendid crop, while 
unprotected plants nearby would have 
been a complete failure if the maggots 
had not been picked off by hand. Others 
have reported similar success. One re- 
ported having lost only 25 plants out of 
10,000 to 15,000 that he protected with 
the cards, where ordinarily he would 
have lost from 75 to 90 per cent of the 
crop. 
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Fiq. 3.—Tarred paper card in 
outline, one-half size (after 
Goff). : 

‘ The tarred cards are applicable to 

cabbage and cauliflower only, but it is claimed by those 

who have employed them 
that they are cheaper, 
more practicable, and 
more efficient than any- 
thing else yet devised for #19: 5.—Tooky 
: for cutting — 
preventing the ravages of cards, about — 
one-fourth 

Fra. 4.—Showing how tool is used, dotted line the cabbage maggot. size (afte / 
indicating position of edge of tool (after Suecess in using them is Goff). 

Goff). ; 

son) dependent upon their be- | 
ing properly applied, to fit tightly, so that the fly is unable to obtain — 
access to the stem for the deposition of her eggs. Cards must be re-— 


newed and their use continued for each maggot year to be effective.! 


<utoe 4 


THE IMPORTED ONION MAGGOT. 
(Pegomya cepetorum Meade. )? 


eee 


The name “‘imported onion maggot’”’ is used for this insect because — 
there are other onion- ‘feeding — m maggots in addition to the seed- -cormm 


1A Wi isconsin Seca es geod as many as 20,000 of these toca a year, tie esti- 
mates the cost of material and labor at about $1 for the protection of “2 
piaueEs This shows its practicability on a large scale. 

2 This species is commonly referred to in literature as Anthomyia and Phor bia / 
ceparum Bouché. According to Mr. Coquillett, it is difficult to decide, from the 
description of the adults, whether or not Bouché’s and Meade’s species are 
identical. 


© 
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maggot. Its injury, which constitutes the most important drawback to 
‘the culture of onions, is accomplished by the consumption of the bulb, 
lmducing subsequent decay of the affected portions and their very fre- 
‘quent destruction. 
| The fly and the maggot resemble preceding species, although their 
average size is a little larger. The length of the fly’s body is about 
‘three-sixteenths and the wing expanse nearly three-eighths of an inch. 
‘The male is eray with black bristles and hairs; it has a white face with 
black hairs, and there are three dark lines on the body between the wings 
and a row of black spots on the abdomen. The female is a little the 
larger, and inclined to dark yellowish, with a pale yellowish face. 

As in the case of the cabbage maggot, two or three generations are 
evidently the rule in the North. 


REMEDIES. 


The methods of control prescribed for the seed-corn maggot are fre- 
quently about all that are necessary for this species. In case of severe 
infestation the bisulphid of carbon treatment, discussed on page 45, as 
also other remedies advised for the cabbage maggot, are useful, with 
the exception of the tarred cards, which can not be conveniently nor 
economically used on onion. The flies are probably attracted to old 
onion beds and to crop remnants; hence clean field methods are 
advisable. 

Nore.—This circular has been prepared to facilitate correspondence, 
due to the fact that the three root-maggots mentioned herein have been 
extremely injurious during recent years. A monographic account, which 
has been of service in the preparation of this circular, was published in 


1894 by Prof. M. V. Slingerland (Bul. 78, Cornell Univ. Agl. Exp. Sta., 
pp. 481-577). It is now out of print. 


Approved: 
JAMES WILSON, 
Seeretary. 


WASHINGTON, D. C., February 12, 1906. 
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THE COTTONY MAPLE SCALE. 


(Pulvinaria innumerabilis Rathvon. ) 


By J. G. SANDERS, Assistant. 


The cottony maple scale (Pulvinaria innumerabilis Rathy.) at ma- 
turity is the most conspicuous scale insect indigenous to the United 
States, and has received much attention from entomologists and _ horti- 
culturists on account of its occasional abundance. It was described in 
1854 by Dr. 8. 8S. Rath- 
mon, 1:01: Lancaster, Pa.; 
who gave the pest a very 
expressive and significant 
specific name. Since 
then over 60 articles and 
references concerning this 
species have appeared in 
entomological literature, 
besides hosts of others in 
newspapers and other 
periodicals. Of special 
worth is a monograph of 
the species, worked out in 
elaborate form by J. D. 
Putnam, which was pub- 
lished in the Proceedings 


of the Davenport (Tov ra) FiG.1.—Pulvinaria innumerabilis: adult females in position 
on twigs, with egg sacs—natural size (from Howard). 


Academy of Natural 
Sciences, p. 339 (1879). 
More recently in Bulletin 22, new series, Division of Entomology, Dr.l.O. 
Howard published a thorough treatise on ‘The Two Most Abundant 
Pulvinarias on Maple,” giving in detail the distribution, food plants, 
_and life history of the cottony maple scale and the nearly related maple- 
leaf scale, illustrated by numerous figures of the various stages of each 
species. 

Sporadic outbreaks of this scale insect in various parts of the United 
States have been reported from time to time for many years past, but 
in each case natural enemies have subsequently increased with sufficient 
rapidity to effectually check its progress. Recently many reports of its 
extreme abundance have come to us from the city of Chicago and 
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vicinity, and from various sections of Illinois, Indiana, Wisconsin, and 


Iowa. It is interesting to note that most of the reports of serious 
injury by this insect come from those States or portions of States north 
of the fortieth parallel, where it seems to be attacked by fewer parasites 
than in the southern regions. A map of its distribution prepared by 
the author from locality cards shows that it is distinctively an Upper 
Austral zone species but occasionally reaches the Transition zone. 

The cottony maple scale is classified in the soft, unarmored group 
(Non-Diaspine) of the family Coccide, and does not differ superficially 
from the Lecaniums, except in the formation of an ovisac by the female 
of the Pulvinaria. The male insect is a very small and delicate two- 
winged fly which develops its latter stage under a glassy test or covering 
and emerges late in August or early in September. 


FOOD PLANTS. 


The various species of maples, particularly the soft maple (Acer 
saccharinum), including the box-elder (Acer negundo), are the favorite 
food plants of this species. The writer has, however, found it on 47 
different species of trees, shrubs, and vines, including various species 
of maple, oak, linden, elm, willow, poplar, beech, hawthorn, sycamore, 
locust, hackberry, osage-orange, mulberry, grape, poison-ivy, apple, 
pear, plum, peach, currant, gooseberry, rose, and Virginia creeper. It 
is possible that a very careful study will prove that all these infestations 
are not referable to one species, but that other species may be separated 


just as the maple-leaf Pulvinaria [P. acericola (Walsh and Riley) | and — 


the osage-orange Pulvinaria [P. maclure (“‘ Kenn.,”’ Fitch) ], once con- 
sidered identical, were found to be distinct from the cottony maple scale. 


HABITS AND LIFE HISTORY. 


The large, white, flocculent masses, resembling popcorn fastened to the 
twigs, which appear on infested trees during the month of June, are the 
cottony (really waxy) ovisacs of the female, provided for the retention 
of the eggs after oviposition (fig. 1). These may contain as many as 
1,500 minute, oval, pale reddish-yellow eggs. 

The larve hatch at various dates from June 1 to August 15, depend- 
ing on the latitude and exposure to the sun’s rays. Afterremaining in 
the ovisac for a day or two, they swarm over the twigs, instinctively 
migrating toward the light, and settle on the leaves along the midribs 
and veins, always preferring the under surface (fig. 2, e). The larvee 
on box-elder become active somewhat in advance of those on maple. 
This difference may be due to the food, but it must be remembered that 
the shade of the box-elder is less dense than that of the maple, and 
consequently the greater amount of heat and light may be the con- 
trolling factor. The male larve, when fully grown, assume a propupal 
stage from which they pass to the true pupal stage having a pinkish 
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‘hue. In a few days the winged males appear, but remain beneath the 
scale for two or three days before emerging. The females at this time 
have a few dorsal brownish markings and have undergone two molts. 
The males and females copulate in September, and soon afterward a 
small proportion of the females migrate to the twigs, where they insert 
their probosces and become fixed for the remainder of their existence, 
meanwhile changing from a greenish color to buff and finally brown, 
with a slightly tessellated waxy covering. In this condition the winter 
is passed (fig. 3). ' 

When the sap begins to flow in the early spring the female grows 
rapidly, mainly because of the rapid development of great numbers of 


Fig. 2.—Pulvinaria innumerabilis: a, newly-hatched young; b, female, third stage, from above; 
c, Same, from side; d, male, third stage; e, same, natural size, on leaf and petiole; f, same, en- 
larged, on leaf petiole showing two specimens parasitized—all greatly enlarged except e (from 
Howard). 


eggs within the body. In May or early June the ovisac begins to form 
from the fine waxy threads exuded from the posterior spinnerets, push- 
ing backward and upward until the body of the female is almost vertical 
to the twig. Meanwhile the ovisac is gradually being filled with eggs, 
which hatch and undergo all the changes mentioned above. Thus, 
fortunately, there is but a single brood each year. 


PARASITES AND PREDACEOUS ENEMIES. 


Notwithstanding the extreme prolificacy of this insect, it is usually 
held in check by its many natural enemies. Doctor Howard has 
observed the English sparrow apparently feeding upon the full-grown 
scales. The twice-stabbed ladybird (Chilocorus bivulnerus Muls.) is a 
common enemy of this as of other scale insects, particularly in its 
early stages. The smaller similarly marked Hyperaspis binotata Say 
(fig. 4) and H. signata Melsh. are also valuable enemies of this 
species. The writer found in the severely infested parks and cemeteries 
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in Chicago that the egg-contents of 80 to 85 per cent of the cottony 
ovisacs had been destroyed by the white mealy larve of Hyperaspis. | 
These larvee enter and devour the entire contents of one ovisac after 
another without destroying its form, so that only an examination will 
reveal the empty ones. 

The predaceous caterpillar of Letilia coccidivora Comst. has been an 
efficient ally in controlling the pest in the vicinity of Washington, D.C. 
It is particularly effective where the cottony masses are in close prox- 
imity, because of its habit of eating its way through the masses, spin- 
ning a strong web about itself, and forming a gallery as it progresses. 
The caterpillar is very active and moves about freely within its web. 

Several specimens of Leucopis nigricornis Egger, acommon dipterous 
parasite of aphides, were reared from cottony maple scale collected in 
Chicago, Ill., on July 21, 1905, by the writer, and 
from other specimens sent to the Bureau from 
Crystal Lake, Ill. This parasite is considered to 
be a European species, and although aphides seem 
to be its favorite host, it is occasionally reared from 
nondiaspine Coccide. 

Several species of chalcid flies (Chalcidoidea) 
are truly parasitic upon the cottony maple scale 
as well as upon others of the Lecaniine. There 
is no doubt that many more Pulvinarias are killed 
by these interesting little fellows than by all other 
enemies. Coccophagus lecanit Fitch, C. flavoscu- 
tellum Ashm., Atropates collinst How., Aphycus 
pulvinarie How., Comys fusca How., and Hunotus 
lividus Ashm. have been reared from the cottony 


Fra. 3.—Pulvinaria innu- maple scale. 
merabilis: gravid fe- 


male, greatly enlarged, REMEDIES. 
before commencing to 
secrete egg sac in the In dealing with an infestation by the cottony 


spring (from Howard). 4 
maple scale, the most important matter to be 


considered in each case is the advisability of artificial means of control 
under the existing conditions. The natural enemies of this pest have 
done and are still doing such effective work in its control, that it is a 
question whether remedies’ should be applied when the infestation is 
not serious. Nature always maintains a balance, and this pest can not 
be in the ascendency for any great length of time. On the contrary its 
parasites will eventually multiply so rapidly as to completely check its 
progress, and it may even narrowly escape extermination. 

Insecticides apphed for a pest always kill its parasites and often- 
times predaceous enemies are also destroyed. Hundreds of larve of 
Hyperaspis binotata were found to have been destroyed by a summer 
treatment with kerosene emulsion for the cottony maple scale in parks 
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of Chicago, and no doubt thousands of the minute chalcids were killed, 
as they were found quite plentifully on unsprayed trees. 

Tf it is necessary to resort to artificial means of control, as seems to 
be the case in some sections, the spraying should be delayed until fall 
or winter, when the Hyperaspis is hibernating at the bases of the trees 
among lichens, moss or dried grass. Care should be exercised in the 
use of spray, and the bases of trees should be covered with canvas or 
other suitable material to prevent the spray from running down the tree- 
trunks and collecting at their bases. 


WINTER TREATMENT. 


When the trees have become dormant, after the falling of the leaves, 
they can be trimmed and thoroughly 
sprayed with a strong kerosene emul- Nie 


sion, which will kill every scale reached ae : 
. . ° Ws ni ON bye 

by the spray, without injury to the trees. aren: Ae 

Searcely one-fourth the quantity of ek 


emulsion is required to spray a tree In fusit7 a 
winter condition that is necessary when 
a tree is covered with dense foliage and =." Ne y 
both sides of the leaves must be reached Pee 
with the spray. Some excellent results 
have been obtained by Mr. 8. Arthur Fia, 4.—Hyperaspis binotata: a, adult; 6, 
Johnson? in experiments against this antenna; c, palpus; d, larva—enlarged 
pest in Denver, Colo. He found that foetal, 

kerosene emulsion 25 per cent or more in strength or whale-oil soap at 
the rate of 1 pound to 1 gallon of water was very effective, apparently 
killing all scales which received the spray. 


SUMMER TREATMENT. 


Kerosene emulsion of not more than 10 to 12 per cent of oil can be 
thoroughly applied with safety to maple trees, but the tips and margins 
of the leaves may be injured even at this strength. Box-elder will be 
almost defoliated with a 12 to 15 per cent solution. Less than a 10 per 
cent emulsion will be of little value against the young unless they have 
recently hatched. Since the hatching period may extend over six or 
eight weeks, it will be seen that more than one spraying will be neces- 
sary to insure success, and, coupled with the fact that it is a very diffi- 
cult and disagreeable task to thoroughly spray a tree in foliage, the 
winter treatment will be found more satisfactory in evefy way. And at 
that season the larve of predaceous beetles would not be destroyed. 


11905: Bul. 52, U. 8S. Dept. Agr., Bureau of Entomology, pp. 85-88. 
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KEROSENE EMULSION, 


Stock solution (66 per cent oil). 


Kerosene (coal-oil, lamp-oil) «2253. Se ae eae gallons__ 2 
Whale-oil or laundry soap (or 1 quart soit soap) 222222 See pound__ 4 
Water (luo ee gallon__ 1 


Dissolve the soap in boiling water, then remove from the fire, add the 
kerosene immediately and thoroughly agitate the mixture until a creamy 
solution is obtained. -This can be done by pouring the mixture into 
the tank of a spray-pump and pumping the liquid through the nozzle 
back into the tank. This is a stock solution, which must be diluted 
before using. In order to make a 10 per cent emulsion, add to each 
gallon of the stock solution about 6 gallons of water and agitate thor- 
oughly before using. For a 30 per cent solution add to each gallon of 
the stock solution 1$ gallons of water and agitate thoroughly. This 
strength will kill a large percentage of the hibernating females, without 
injury to the trees. 

If a good naphtha soap can be obtained, the preparation of the emul- 
sion will be simplified. It will be unnecessary to heat the solution, 
since the kerosene will combine readily with the naphtha and soap and 
form a perfect, cold, milky-white emulsion when the mixture is thor- 
oughly agitated. If naphtha soap is used, double the amount called 
‘or by the formula, and emulsify in soft (rain) water. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., September 7, 1905. 
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L. OC. HOWARD, Entomologist. 


THE COTTON RED SPIDER. 
(Tetranychus glovert Bks.) 
By E. 8S. G. Titus, Special Field Agent. 


Injury to cotton by the red spider, or rust-mite as it is also called, 
has been quite prevalent in some sections of the cotton-growing area of 
this country during the past two years. The cause of the injury is a 
minute yellowish-red mite which feeds on the cotton plant, principally 
on the under sides of the leaves, but at times attacking all parts of the 
plant. The mites usually appear early in 
the season, but do little appreciable dam- 
age until midsummer or later. The in- 
juries rarely become serious unless accom- 
panied by long-continued dry weather; in 
such an event the multiplication of the 
mites is very rapid, and the consequent 
injuries are often sufficient to kill the 

plants. 

The early attacks of this mite are quite 
characteristic; the leaves presenting on 
the upper side near the base a scarlet ap- 
pearance, which, occurring at first between 
the larger ribs, gradually spreads over the 

leaf as the mites multiply, then dies out 
and is replaced by a dirty yellow, the leaf 
finally shriveling and falling to the ground. 
Larger and older leaves show the effect Fie. 1.—Tetranychus gloveri: Adult— 
of the attack before younger leaves. manana vce eree 

The mites feed on the under side of the leaves, protected by a loose, 
irregular web stretching at first from vein te vein, but later attached at 
any point and in cases of severe injury soinetimes covering both sides 
of the leaf. 

_ Rarely have the red spiders been found feeding on the upper side of 
the leaves, and then only when they are protected or shaded by the 
leaves above, or when a leaf has begun to.curl from their injuries. 

When present in considerable numbers almost all parts of the plant 

“may be attacked—fiowers, squares, bolls, and stems. Severely injured 
plants lose most of their leaves, flowers, and younger forms; quite often 
only the young unfolding leaves at the tips of the branches are left green. 
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This species was first described by Mr. Nathan Banks, of the Bureau 
of Entomology, in 1900,! from specimens collected on cotton by Prof. 
H. A. Morgan, of Baton Rouge, La. In 1893-94 it had caused consid- 
erable damage at Baton Rouge.? The pest is very probably distributed 
throughout the entire cotton-growing area of the South, although during 
late years its occurrence in injurious numbers had not been reported 
until the summer of 1903, when it caused considerable damage to cot- 
ton in South Carolina and Georgia. In 1904 red spider was found on 
several plantations near Batesburg and at other points in South Caro- 
lina. During the summer of 1905 many reports of its occurrence were 
received from points in North Carolina, South Carolina, Georgia, and 
Alabama, and the writer found it in injurious numbers at several locali- 
ties in these States. 

The first published records of the species appear to be those by 
Townend Glover, in an article on Cotton Insects published in 1855,? in 
which he gives a description of the mite and its injuries to cotton under 
the name of “The Red Spider. Acarus?’’ and in 1878, in his Cotton 
Insects under the name of ‘cotton rust,’’ again referring the injury to 
an “acarus.’? He recommends powdered sulphur or sulphur mixed 
with slaking lime as remedies. 


LIFE HISTORY. 


When first deposited the eggs appear as minute translucent pearl-like 
objects, found only by careful observance on the threads of the web, on 
the plant hairs beneath it, and more rarely on the epidermis of the leaf 
itself. As they mature they grow darker, becoming quite opaque, with 
more or less of a red or greenish tinge. 


The eggs hatch in from three to five days during hot, dry weather, and - 


the young mites commence feeding almost immediately. At this early 
stage they have but six legs and but few red markings. They reach 
maturity in from ten to fourteen days after hatching. At maturity the 
mites vary from specimens with very small red spots to those that are 
all red on the dorsum and have the legs lightly marked with red dots. 
The mature mites are eight-legged. According to Mr. Banks, the adults 
of this species are distinguished by the following characteristics: Bristles 
of body not arising’ from tubercles; tarsus with but one claw, which is 
strongly bent near its middle and four-cleft beyond; three fingers on 
the tip of the thumb, which is not as long as the claw, the middle finger 
largest from side view; mandibular plate broad, sides concave near tip 


11900: Banks, Tech. Series 8, Bur. Ent., Dept. Agric., pp. 76-77, fig. 16. 
21897: Morgan, Bul. 48, La. Agric. Exp. Sta., pp. 180-135. 

31855: Glover, U. S. Patent Office Rept., p. 79, Ph. VI, fig. 7. 

£1878: Glover, Cotton Insects, plate 3. 
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_ Where and in what stage the mites hibernate is not known, but it is | 
probable that the early spring generations live upon some other than 
‘the cotton plant, probably upon various weeds and in some sections on 


-water-oak. 
MEANS OF DISTRIBUTION. 


The distribution of mites over a field may be accomplished in several 
‘ways. The minute mites cling to almost any substance that brushes 
‘so forcibly against them as to remove them from the plant; and when 
brought in contact with plants farther along the row, or elsewhere, they 
‘will be brushed off and cling to them. The mites have been taken 
from several insects, such as grasshoppers and smal! Hemiptera, found 
visiting the cotton plants. Probably the most common means of dis- 
tribution occurs during the cultivation of the crop. The hoe gangs and 
the cultivators rapidly and thoroughly scatter the mites over the field. 
Hoe gangs will spread them broadcast—down the rows during their 
daily labor, and across the field when they leave it, since they usually 
go by the shortest route. The effect of 
distribution along the rows can be most 
easily traced in terraced cotton. 
The writer in 1904 and 1905 made short 
‘trips to South Carolina to study this pest. 
In several instances it was noticed that 
from a point on the margin of a field where 
there were growing large poke-berry plants a 
(Phytolacca decandra) the infestation by Fre. 2.—Tetranyehus gloveri: Palpus and 
red spider had spread over a fan-shaped ae ia plate—enlarged (from 
area of the adjoining cotton. Other places 1 
were seen where this same weed occurred on terraces, and here also the 
mites were present in considerable numbers on adjoining cotton. At 
that time of the year (July and August) these weeds, as well as the 
cocklebur (Xanthium spp.), showed the effect of red spider work. The 
mites were too scarce, however, for positive identification. Specimens 
occurring on corn, cowpeas, and beans were identified by Mr. Banks as 
the cotton red spider. These plants all showed appreciable injury by 
the pest. Especially was this true of one field of corn that was planted 
in a cotton field, the rows alternating. 


ie 
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METHODS OF CONTROL. 


Enemies.—No parasites have yet been reported as living in this red 
spider. However, there are several species of predaceous insects that 
prey upon the mites and their eggs. Among these are larve of Chrysopas 
or lacewings, and lady-beetle larvee and adults. One species of Pentilia, 
a minute black lady-beetle, is very destructive to the red spider; this 
and other Coccinellids (lady-beetles) were noticed feeding on the mites 
at several places visited in 1905. 
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Oultural methods.—These are: (1) Rotation of crops... (2) Destrue- 
tion of cotton stalks, weeds, and grasses in the infested fields after 
-cotton picking is over in the fall, by pulling and burning where pos- 
sible. (8) Deep fall or winter plowing, taking care to thoroughly turn 
under all the vegetation. (4) Burning off or otherwise destroying the 
weeds, grasses, and rubbish on the terrace edges, ditches, and borders 
of the field. (5) Keeping down all weeds and grasses in the early 
spring. 

Remedial measures.—A careful outlook should be kept on the young 
cotton in the early spring, and at the first indication of injury prompt 
action should be taken. If, when first noticed, there are but few 
infested plants, these may be pulled and burned, care being taken not 
to distribute the mites to the surrounding cotton during the operation. 
The cotton surrounding the infested place should then be thoroughly 
sprayed with one of the mixtures described below, preferably one con- 
taining sulphur. Spray the plants thoroughly, taking especial care to 
cover the wnder sides of the leaves and the stems and branches. 

If a large area is infested when first noticed, or if it should be found 
desirable to spray whole fields, a barrel or tank outfit should be 
used. The pump should have no copper about it, a brass cylinder 
being preferable. With one man to pump and two lines of hose, very 
rapid work can be done. Sufficient hose should be used to allow free 
movement around the plants being sprayed. It will be well to have 
an iron pipe attached to the hose with the outer end bent upward and 
threaded for the attachment of the nozzle. The pipe should be long 
enough for this elbow to reach the ground when the man doing the 
spraying is standing upright. Use a nozzle distributing a fine spray. 
By this means the under sides of the leaves can be easily sprayed by 
simply moving the pipe up and down through the plant. 

Among the*many remedies that have been used against red spiders 
on various occasions the sulphur mixtures stand foremost. Water, 
kerosene emulsion, and soap washes will also kill many of the mites and 
some of the eggs. There will, however, be some eggs left to hatch, and 
these sprays leave nothing on the leaf to kill the young freshly hatched 
mites. No spray can be expected to reach all the mites or their eggs, 
but the sulphur preparations, when properly prepared and applied, 
adhere to the leaves, and there will be enough sulphur left on the leaf 
to destroy most of the young mites that appear later. 


INSECTICIDE FORMULA. 


Sulphur.—Ordinary powdered sulphur can be used dry, blown from 
one of the powder guns manufactured for dry sprays. It may also be 
used mixed with flour, road dust, or plaster of paris. 

Lime-sulphur.—Into slaking lime dissolve an equal amount of pow- 
dered sulphur. If only a small quantity is to be made, the heat gener- 


5 
ated by the slaking will be sufficient to cause the sulphur and lime to 
‘unite. If considerable quantities are being prepared, it will be well to 
slake the lime in boiling water in an iron kettle (never in copper) and 
‘keep the mixture boiling for a short time after the sulphur has become 
well incorporated. The mixture should be constantly stirred until it is 
smooth and even. Five pounds of sulphur and 5 pounds of lime will 
make, after diluting, 100 gallons of spray mixture. This may be used 
stronger, if desirable, but care must be taken not to injure the plants. 

Lye-sulphur.— Mix 20 pounds flowers of sulphur into a paste with 
cold water, add 10 pounds of pulverized caustic soda (98 per cent). 
The dissolving lye will liquefy the sulphur and boil. Water must be 
added from time to time to prevent burning until a concentrated solu- 
tion of 20 gallons has been obtained. Two gallons of this is sufficient 
for 50 gallons of spray, giving a strength of 2 pounds of sulphur and 1 
of lye to 50 gallons of water.’’! This has been successfully used against 
the orange red spider in California. 

Kerosene emulsion.—Dissolve 1 pound hard or 1 quart soft soap in 
1 gallon hot water, add 1 gallon coal oil, and emulsify. The most 
thorough and feasible method is to pump the spray mixture back upon 
itself until it is thoroughly emulsified. Dilute to 10 gallons and use 
as soon as possible. With the recent advent of a certain naphtha soap 
which will emulsify without heating, kerosene emulsion can be readily 
made in the field with cold water. 

Water.—This treatment is quite commonly used by greenhouse men 
in fighting red spider in propagation houses, conservatories, and parks. 
The water is driven onto the plants in a fine spray with considerable 
force. 


119035: Marlatt, Farmers’ Bul. 172, U. S. Dept: Agr., p. 41. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., October 30, 1905. 
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United States Department of Agriculture, 
f BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE JOINT-WORM. 
, (Isosoma tritict Fitch.) 


By F. M. WEssTER, 
In Charge of Cereal and Forage Plant Insect Investigations. 


Since the first known serious outbreak of the joint-worm (/sosoma 
‘ritict Fitch), which occurred in the wheat fields about Charlottesville 
nd Gordonsville, Va., during the years 1848 to 1854, this insect has 
en reported atirregular intervals and from widely separated localities. 
/hile it is known to occur sparingly over most of the wheat-growing 
setions of both the United States and Canada, and probably does 
tuore damage than has generally been attributed to it, its reappear- 
nee in the wheat fields of Indiana, Michigan, Ohio, Pennsylvania, 


Fic. 1.—Isosoma tritici: Adult of the joint-worm. Much enlarged (from Howard). 


West Virginia, Virginia, Maryland, and Kansas in 1904, and in still 
g@ 2ater numbers in 1905, serves to bring it again to notice. In 1904 
me fields of wheat in eastern Ohio were so badly damaged that they 
‘re not harvested, and in 1905 a serious outbreak in northeastern 
diana so discouraged some farmers that they questioned the advisa- 
lity of putting in a crop of wheat at all. In southwestern Virginia 
e pest was even more injurious in 1905 than it was the previous year. 
The pest was also very destructive in western Ohio and eastern Indiana 
during the spring of 1908. 
52718—Cir. 66—08 
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DESCRIPTION OF THE PEST. 


The fully developed insect, somewhat resembling a small, winged 
black ant, is clearly shown, enlarged, in figure 1, its natural size being 
indicated by a line at the right. The color is black, with joints of legs 
and feet yellow. The larva or grub is whitish, with brown jaws, the 
length being about the same as that of the adult, and the form much 
like that shown in figure 2, which represents the larva of a nearly 


related species. 
LIFE HISTORY. 


The insect may be found in wheat stems, inits various stages of devel- 
opment, throughout the year. It lives through the winter as a larva 
or grub in cells formed in the 


the grain, the adult emerging 
therefrom in April or May, ac- 
cording to 
latitude, or 
some time 
after the 
young grain 
has thrown 
up stems 
and several 
joints have 
become ex- 
posed. The 
female, us- 
ing her slen- 
der, pointed 
oviposit or, 
places her 
eggs in the | 
stems. The Fic. 2.—Isosoma grande: 
exact posi- Larva of the wheat- 


straw worm; é, anten- 
tion assum- ona; f, jaw. Line at 


: right indicates natural 

y' _ ed is shown © jeneth, (After Riley.) 
| in figure 3, 

\ 

ape by Mr. G.I. Reeves. The eggs 

Fic. 3.—Female Isosoma in act of depositing egg in hatch and the young erubs, 

stem. About life size (author’s illustration). forming cells, feed in. the 

walls of the stem, reaching their maximum growth by the time the 

straw becomes fully hardened and ripe. Wintering in the larval 

state, they pass a short pupal stage and emerge as adults in the 


spring. While there are both males and females among these insects, 
[Cir. 66] 
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stems prior to the ripening of | 


from a photograph from life - 


' 3 

| Mr. Phillips of this Bureau has, 
' during two successive years, found 
that unfertilized females will deposit 
egos and that these eggs will hatch 
out larve which develop to adult 
insects. It is probable, however, 
that these adults will be found to be 
largely or all males. 


: 


EFFECT ON THE STRAW. 


The effect on the straw of the work 
of the joint-worm is exceedingly vari- 
able. Sometimes a distortion occurs 
like that illustrated in figure 4; at 
other times the straw is bent or 
twisted in almost every conceivable 
shape; again, there will be no enlarge- 
ment of the straw whatever; or there 
may be large galls or excrescences, as 
it were, bursting But of the base of 
the sheath at one side, some of these 
abnormal growths having pseudo- 

_ rootlets extending downward from 

_ their lower extremity. Sometimes 
the straw will make about normal 
erowth and the hardened sections will 
be restricted to an inch or there- 
abouts just above the lower joints; 
and, again, the growth will not exceed 
3 or 4 inches, often not heading at 
all, or with aborted head and with 
the straw galled or hardened to the 
‘base of the head. In some cases 
there is no outward indication of at- 
tack whatever, the affected part be- 
ing wholly inclosed in the sheath, and 
when this last isremoved the presence 
of the cells is indicated only by a 
slight discoloration, and frequently 
by a few small, more or less irregu- 
lar, elevated ridges. 

In thrashing the grain the hard- 
ened portions of the straw, as shown 
in ficure 5s break up into pieces of Fia.4.—One effect of SE ES cheat in wheat 

ee Ae cs ih ee iach Weidote straw. (Author’s illustration.) 
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in length, many of which do not go over with the straw and chaff, 
but remain with the grain. The presence of these bits of broken straw 
in the grain is frequently the first evidence the farmer has seen of the 
occurrence of the pest in his fields. Millers and elevator men note 
them also, and in sections where the pest has committed serious dep- 
redations several bushels of these hardened bits of straw are found 
after each day’s cleaning of the grain. 


EFFECTS ON THE KERNEL. 


The wheat heads from infested stems are foreshortened, and the 
kernels thereby necessarily reduced in both size and number, and in 
case of severe attack they become shrunken. 


NATURAL ENEMIES. 


Natural enemies of the joint-worm are quite numerous, and 
most of them have the advantage of being double-brooded, whereas 
the joint-worm has but one generation 
annually. 

Among the most efficient of these are 
two rather common species of insects. 
One of these, almost as big as the Isosoma 
itself, with dull metallic thorax and _ yel- 
low abdomen and with long ovipositor, 
is Ditropinotus aureoviridis Crawford, and 
the other, smaller, darker colored, and 
slender, also somewhat resembling an 
Isosoma, is Hupelmus allynw French. 
The writer reared also another species in 
Ohio, Websterellus tritici Ashm., which has 
similar habits. 

A somewhat similar insect with metal- 
lic body and yellow abdomen, Stictonotus 
Fig. 5.—Bits of hardened straw re- isosomatis Riley, is very efficient in destroy- 

ore ese ‘eutatin) ing the Jaryes im: the straw. Homoporus 

(Semiotellus) chalcidiphagus Walsh and 

Riley, and beyond a doubt other chalcidoids, are also instrumental in 

holding the pest in check. These are all small four-winged flies, and 
a number of additional, undescribed forms have been dicomcanete 

The larva of a smail, ace black and yellow carabid beetle (Lepto- 
trachelus dorsalis Fab.) craw ie up, descends into the stubble, and de- 
vours the Isosoma larve, but unfortunately its sense of taste seems to 
be too obtuse to allow it to confine itself strictly to Isosoma, and as a 
consequence it devours parasites as well as host. A mite, Pedicu- 
loides (Hetoropus) ventricosus Newp., is also an enemy, gaining access 


to the larvae precisely as does the beetle larva previously mentioned. 
[Cir. 66] 


5 
PREVENTIVE MEASURES. 


There are no known remedies for the joint-worm, but there are 
several preventive measures that are not impracticable and are 
‘reasonably efficient. : 

In the midst of the outbreak in Virginia, previously mentioned, a 
* Joint-worm Convention” was held at Warrenton, in that State, to 
devise means for controlling this pest. This body recommended a 

better system of farming, the use of guano and other fertilizers to pro- 
mote arapid growth and an early ripening of the grain, and the burning 
of the stubble, all of which are as advisable to-day as they were at that 
time. The most serious ravages are observed on thin or impoverished 
soils, especially along the margins of the fields infested. Anything, 
then, that tends to add vigor to the young growing grain will constitute 
‘a preventive measure. Burning the stubble, where this is practicable, 
is, of course, most efficacious, but over the larger portion of the terri- 
tory ravaged by this pest it is customary to seed with grass after 
wheat, and under this condition burning over the stubble field is 
impossible. Such fields should be raked over with an ordinary hay 
rake, and the loosened stubble removed and burned before the adults 
have emerged in the spring. If, however, the grain is cut low at 
harvest, and the straw passed through the stables as bedding for 
stock during the winter, thus becoming saturated by liquids and more 
or less thoroughly composted, the treatment would seem sufficient to 
destroy the Isosoma larve so that few, if any, would develop adults 
the following spring. In case of bedding for horses, it seems quite 
probable that if any -larve at all survived the thrashing machine, the 
heat from the decomposing manure would develop them prematurely. 
However, there has been no experimentation exactly along these 
lines, and according to a press bulletin? by Prof. R. H. Pettit, of 
the Michigan Agricultural College, serious injuries have followed the 
year after application and plowing under of barnyard manure in the 
fall before the wheat was sown. In this case the manure would 
necessarily be fresh and the bedding of straw of the same season’s 
growth, otherwise the adults would have already emerged. This 
would be a proposition quite different from that of allowing the stable 
manure to accumulate during the winter and applying it in the spring 
elsewhere than to the wheat fields, or even of applying it to wheat 
fields before plowing, months after the larve surviving the effects of 
the stable had developed and escaped. The one might destroy all or 
nearly all larve in the straw, and the survivors would emerge about 
the stables or in the barnyard; while the other method, simply to take 
the straw with the living larve present from an old field, move it 


—___ 


@ Mich. Agr. Col. Exp. Sta., Press Bull. No. 15. The Wheat Joint-Worm. 
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through the stable, cart it out on a new field, and plow it under, is | 
one that the Sau should evidently be caren to avoid. 


Exactly in this connection, an assistant, Mr. Charles N. Ainslie, | 
while waiting between trains in the city y St. Louis, Mo., fours | 
at the corner of Sixteenth and Locust streets a pile of Baa to be | 
used in the erection of a building. These bricks werestamped ‘‘Mas- © 


sillon, Ohio,” 


and were packed in straw which the chief contractor 


stated came with the bricks from Ohio. This straw contained larve 
of this species which later on transformed to adults, but the latter © 


did not emerge from the straw. 


In the past it has always been thought necessary, as a precautionary 


measure, to burn the infested bits of hardened straw that break up 
in thrashing the wheat, many 
being carried out with the 


large numbers of these broken 
bits of straw (fig. 5), collected 
about elevators and thrash- 


both Isosoma and parasites 
are killed, probably by the 
concussion of the cylinder of 
the thrasher. In some cases 
we have been able to verify 
these experiments by collec- 
tions of stubble from fields 


Fic. 6.—Wheat straws injured by the joint-worm 


(Isosoma tritici), from which the joint-worms have in the vicinity of these ele- 


been removed by some beneficial animal, perhaps the yagtors. So far as we have 
short-tail shrew (Blarina brevicauda). (Author’s illus- : : . 
pation!) gone into the investigation 
everything indicates that the 
danger from these broken bits of hardened straw, or even from the straw 
itself, is of too little importance to be worth consideration. Prof. R. H. 
ett of the Michigan Agricultural College, and Mr. W. J. Phillips, of 
this urea in 1906, found in northern Indiana great numbers of 
straws affected by the joint-worm, where the enveloping sheath had 
been torn away, the galls formed by the larve deftly eaten away, and 


the joint-worms missing. Inno case was the entire gall gnawed away, ~ 


but just enough of the walls immediately over the larva to make pos- 
sible the removal of the latter (fig. 6). While we have not been able to 
get definite information as to the identity of this decidedly beneficial 


animal, suspicion seems to point to the short-tail shrew (Blarina 
[Cir. 66] 


ing machines, has shown that — 
almost all of the larve of | 


grain instead of going over in — 
the straw. Several experi- 
ments in rearing adults from — 


< 


-brevicauda) as the species to which credit should be given, and prob- 
‘ably much of the work is done while the grain is in shock. 

_ Rotation of crops is advantageous, because it necessitates the 
migration of adults from one field to another, and if this takes place in 
stormy weather or during high winds, many of the migrants will be 
‘killed or blown astray. It is easily seen that where infested straw is 
‘applied to a new field prior to sowing to wheat, this migration of 
adults would not be made necessary. 

_ The sowing of early ripening varieties is also beneficial. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., July 16, 1908. 
[Cir. 66] 
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f THE CLOVER ROOT-BORER. 


(Hylastinus obscurus Marsham.) 


By F. M. WEBSTER, 


In Charge of Cereal and Forage-plant Insect Investigations. 


. This insect is not a native of America, but has been introduced from 
Europe and has established itself in the fields of red clover in some 
‘sections of the eastern United States. It frequently commits serious 
‘depredations by burrowing in the roots, thereby 
lestroying them. It has long been known in 
Nurope as a clover pest, Hichhoff! giving its dis- 
_ribution as Germany, Austria, France, England, 
and the Canary Islands. Other European ento- 
ologists have also written of its occurrence, and, 
ecording to Bach, it infested large fields of clover 
ear Odenbach, Germany, in 1803, an occurrence 
evidently coincident with its description by Marsham 
in 1802. 
While it did not come to notice in America as 
a pest until about 1878, when it was found in de- Fic. 1.—Hylastinus od- 
miuetive abundance in central’ New York, it prob- *“""s* Adult insect— 
natural size at right 
ably occurred in the country long prior to that date. (original). 
Dr. Hopkins, who is making a special study of this 
group of beetles, viz, the Scolytide, has shown the writer a specimen, 
from the collection of the late Dr. Fitch, with a New York label attached 
to the pin, referring to a note which he has been unable to find. In all 
probability, however, this specimen antedates the discovery of the insect 
by Riley in 1878. Besides, owing to the obscure habits of the pest, it is 
more than likely that it was injurious to clover even prior to this date 
without, however, having been detected by farmers. Even at present, 
in the Middle West, where it is most destructive, it has attracted little 
ittention, the effects of its ravages being usually attributed to adverse 
_ meteorological conditions. The pest seems to have spread much more 
_ rapidly westward, as it probably occurs nearly to the Mississippi River ; 
_ but it has attracted no attention along the Atlantic coast south of Penn- 
Sylvania. In that State, however, the writer Rees found it abundant 


'Die Europdischen Borkenkifer, p. 97, 1881. 
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around Chambersburg, but not disastrously so. It has not been 


reported at all from the vicinity of Washington, D. C. It is certainly — 
not seriously injurious in the New England States at the present time, — 


and Dr. Fletcher reports a similar state of affairs in Ontario, Canada, 
while in Ohio, West Virginia, Indiana, and southern Michigan it is 
becoming more and more destructive. 


DESCRIPTION OF THE INSECT. 


The fully developed insect is a small, dark-brown, hard-bodied bee- 
tle, shown enlarged in figure 1. 

The larva, or grub, shown enlarged in figure 
2, is about an eighth of an inch long, dingy 
white, with honey-yellow head and brown jaws. 

The pupa (fig. 3), is even smaller than the 


what larger ones at the anal extremity. 


large enough to be seen with the unaided eye. 


Fie. 2.—Hylastinus obseurus: LIFE HISTORY. 


Larva or grub—much en- 


‘ratsed (oricmean: There is certainly but one generation annually, 


though this appears to be long drawn out, and 
scattering individual larve and pupe may be found 
throughout every month of the year. The finding of 
eggs as late as September 18 has been reported from 
Michigan. As a rule, however, the insects pass the 
winter in the adult stage (fig. 1) within the roots 
where they developed. During May they abandon 
the old roots and seek out fresh plants or fields in 
which to lay their eggs. The eggs are mostly de- 
posited between the middle of May and June 20. 
The female gouges out a shallow cavity, more often in 
the crown of the plant, sometimes at the sides of the F1G. 3. Hylasten 
root even 2 or 3 inches below the crown, and in this  obsewrus: Pupa— 
places, singly, but not far separated, about half a dozen foci a 
pale, whitish, elliptical, very minute eggs. These hatch 
in about a week, and the larve (fig. 2) for a time feed in the excavation 
made by the mother, but soon burrow downward into the root, and before 
the first of August the majority of them have become fully grown and 
passed into the pupal stage (fig. 3). By October nearly all have 
become fully developed beetles, but they make no attempt to leave the 
plant until the following spring. Bach states that the adults fly at 
Omegnen in March and April, while Eichhoff has observed them near 
Miilhausen, swarming during the warm afternoons about the middle of 


The eggs are elliptical, white, and minute, yet 


larva, also dingy white, with two minute spinous © 
projections on the top of the head and two some- — 


; 


Oven Aall 


June: but these observations were all made in different parts of Europe. 
In our own country, in Ohio, the adults are abroad and have been swept 
from clover fields early in May; but no swarming of the beetles has 

been observed, though it is clear that they may migrate about that 


time of the year. 
FOOD PLANTS. 


In Europe, besides red clover and alfalfa, the species is known to 
attack Spartinum scopanum and Ononis natriz. In America it has so 
far been especially destructive to red clover (7ri- 
folium pratensis), yet with the recently increasing 
interest in the growing of alfalfa (Medicago sativa) 
in the Northern States it may be expected to be- 
come destructive to that crop also. Besides, it 
is known to attack mammoth clover ( Trifolium 
medium) and alsike (7. hybridum). The fact 
that it also injures the garden pea will be very 
suggestive to growers of peas for canneries, and 
indicates the undesirability of sowing peas early 
in the season on ground that has recently been in 
these clovers or lying adjacent to the infested 
clover fields. Late-sown peas, however, would 
probably not become sufficiently large to invite 
attack until after the beetles had appeared and 
gone. 

METHOD OF ATTACKING RED CLOVER. 


The insect’s method of attack is well illustrated 
by figure 4, showing a clover root split in two, 
exposing the excavations. In cases of extreme 
abundance, however, almost the entire main root, 
except the bark, is eaten out, the substance being 
‘displaced by excreta, and the dead top either 
becomes detached of itself or is easily broken off 
if one attempts to pull up the plant. It will be 
observed at once that until the roots have attained 
sufficient dimensions it will be impossible for the 
imsect to attack them. Over the territory where '¢-4Clover root,showing 
2 , 4 work of Hylastinus obscu- 
red clover is grown in this country the seed is sown _rus—slightly enlarged 
either during late winter or spring; and during § ‘oviginab. 
the first year the roots of the plants have not yet attained suflicient size 
to accommodate the insects at the time the latter are, with the excep- 
tion, perhaps, of a few belated individuals, abroad and depositing their 
eges; and thus the plants are almost, if not, indeed, entirely, exempt 
from attack the first year. Hence it is not until the summer of the 
second year that they are destroyed. This has led European entomolo- 
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gists to believe that, like many others of the Scolytide, the insect does 
not attack the plant until the latter has become weakened by age or is 
diseased. But, in this country, at least, this can not be true, for the 
reasons just given. It is not improbable, however, that, as between 
two plants with roots of the requisite size, an unhealthy one would be 
preferred by the beetles rather than one in a thoroughly vigorous condi- 
tion. But, as yet, there have been no observations tending to verify 
this hypothesis. A diseased clover root, or one that has begun to de- 
cline-from effects of age, is first affected at the heart; and, as will be 
observed from figure 4, this is the part first attacked by the root-borer. 


EFFECT UPON THE PLANT. 


While an infested clover plant sooner or later succumbs to an attack 
by this insect, life may be lengthened or shortened by meteorological 
conditions. Thus, if the spring or early summer is very dry, the plants 
begin to die in patches late in June, as soon as the hay crop is removed; 
but if there is much rain during this period, the weakened plants may 
continue to live until winter, dying out before spring. In either case 
the farmer is likely to be misled and to attribute the loss to the weather. 
The summer of 1905 was not a dry one. Copious rains fell with suffi- 
cient frequency to enable all but the most seriously affected plants to 
survive. A prominent seedsman of Indiana, who was much among 
clover fields, thus described the situation in October: 


In driving around this year and examining clover fields, we have found that 
several fields which apparently should have produced an immense amount of 
seed, or at least, say, 3 or 4 bushels to the acre, * * * did not shake out 
anything. We pulled up some plants and discovered that the plant broke off at 
the crown; or if any of the root did come with it, it was small and decayed. 
On close investigation we discovered a little white worm which seemed to be in 
abundance and working amongst the roots. We noticed this in a number of 
fields and have been wondering what it was. We have also had samples of 
clover plants from other sections of Indiana showing these conditions, and 
almost invariably the yield of such fields was less than a bushel per acre, and in 
many instances hulling was abandoned and the huller taken out of the field. 


NATURAL ENEMIES. 


While Dr. Riley found the larva of one of the common soldier beetles, 
probably Telephorus bilineatus, attacking the larve of the borer, and 
although it probably has other enemies, both among insects and birds, 
these have so far proven of little economic importance. 


PREVENTIVE MEASURES. 


The only preventive measure yet tried that gives any promise of suc- 
cess is summer fallowing as soon as the hay crop is removed. 

At this time the young are in an immature state and, if deprived of 
food, must perish. They can not migrate from one clover root to 
another, and, if the meadow is now broken up, throwing the roots up 
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to the hot sun and winds, these wither and dry, thus no longer supply- 
ing the necessary sustenance, at this time so imperative to the life of 


_ the larve, and they perish. Thus an invasion of a new field from an old 


one may be prevented. But if the fallowing be delayed, even for a few 
weeks, the larve will then have for the most part passed into the pupal 
stage, during which no food is required, and plowing can have little 
or no effect upon them. ‘This measure, together with the practice of 
allowing clover fields to stand only two years, would soon reduce the 
pest to subjugation in any community. No trouble seems to occur in 


pastures. Once brought under control, it would seem that a system of 


rotation that involves mowing for hay and seed the first year, pasturing 
and then breaking up the ground the following year, if generally fol- 
lowed in a community, would suffice to keep the pest in subjection. 
Extermination is not possible. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., December 28, 1905. 
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E TOBACCO THRIPS AND REMEDIES TO PREVENT ‘* WHITE VEINS” 


bi IN WRAPPER TOBACCO. 
| 

; . (Huthrips nicotiane Hinds.)! 
a. 


f 
Py By W. A. HOOKER, Special Field Agent. 


_-e have a pest that has become of great economic importance. It is 
_tosely related to the minute yel- 
wish wheat thrips (Huthrips 
itici Fitch) that is common 
verywhere in blossoms of all 
ands. It may be distinguished, 
’ owever, by its brown color. 
he common onion thrips 
_ Thrips tabaci) of this country 
as originally described by 
-indeman as attacking tobacco 
Russia, but since it has never 
en found to do so in the United 
ates, this new pest may be 
med “the tobacco thrips.” 
This insect injures’ shade- 
wn clgar-wrapper tobacco in 
orida, southern Georgia, and 
xas, and thus appears to be 
dely distributed through the 
outh. Its occurrence in Texas 
as discovered the past sum- 
er. The adult thrips in feed- 
z on the upper surface of the 
aves, as is their custom, re- 
ove the sap from the lateral 
ins and veinlets, which when 
mented and ready for the 
ide become of a much lighter color than the other parts of the leaf. 
iese light veins (fig. 1) are objectionable, since they appear in the 
anufactured cigars. As a result, tobacco thus affected is reduced in 


; In the tobacco thrips, an insect until recently unknown to science, 


Fig. 1.—Leaf of tobaceo, showing “ white veins ’’ 
caused by Euthrips nicotiane (original). 


‘Described in the Proceedings of the Biological Society of Washington, Vol. 
_ IIIT, pp. 197-200, September, 1905. 
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value at least 50 per cent. The expense in grading is also largely © 


increased. When we consider that the tobacco thus injured is the high- 
est grade grown in this country, it will be seen that the loss thus occa- 
sioned is a large one. 

The adult tobacco thrips (fig. 2) appear to pass the winter in the tobacco 


fields. They were found in the fields when first visited, the middle of © 


April, feeding upon the young cocklebur, the principal weed. From the 


weeds they spread to the tobacco plants when the latter were trans- 


planted. They first appear upon the lower leaves, from which they | 


spread to the leaves above, the lower leaves thus being the worst. 


affected. 


The eggs are deposited in tissues of the stem and leaves. On hatch- 


ing, the larvee feed largely on the lower surface of the leaves, but as 
they reach the adult 


the upper surface, 
and this habit is 


, YW ‘taken advantage of 


cessfully, they soon 
reach vast numbers 
and become the 
source of extensive injury. After the tobacco is harvested the thrips 
live on the weeds in the field until cold weather drives them into 
hibernation. 
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Fic. 2.—Euthrips nicotiane: Adult insect, much enlarged (original). 


REMEDIES. 


Remedies may be considered under two heads, namely, cultural 
methods and insecticide applications. 


CULTURAL METHODS. 


The practice of locating the seed bed in the tobacco field is a bad 
one, as it furnishes a breeding place from which to spread into the field, 
not only for thrips, but for other pests, flea-beetles especially. When 
necessary so to locate the seed bed, frequent applications of kerosene 
emulsion, as herein described, and arsenicals, should be made. 

At present it would seem advisable that clean culture be practiced 
between crops. It may be found, however, that kerosene emulsion will 
sufficiently control the pest, in which case catch crops may be grown. 


stage seem to prefer 
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a few days without rain can not safely be counted on. So poor were 
the results, in fact, that the writer felt inclined to doubt the effective- 
ness of these washes even in California. But subsequent trips to Cali- 
fornia and careful investigation of conditions there, demonstrated to his 
complete satisfaction that the effectiveness of these washes on the Pacific. 
coast had not been overstated. 


“CALIFORNIA WASH AGAIN TESTED. 


The confirmation thus gained of the value of the California wash as 
an insecticide led the writer in the spring of 1900 to again institute 
some experiments with it against the San Jose scale and the Diaspis. 
These experiments are recorded in detail in Bulletin 30 (new series) of 
this Office, pp. 38-389. They include also parallel experiments with 
kerosene emulsified in the Bordeaux mixture and kerosene-lime emul- 
sion, both suggested by Professor Galloway; and also a test with white- 
wash made at the suggestion of Doctor Howard. A special steam ‘plant 
was prepared, so that the lime, sulphur, and salt wash could be made 
after the most approved methods and thoroughly boiled. An account of 
these experiments, so far as they apply to the lime, sulphur, and salt 
wash, is transcribed below from the publication cited. The report of 
the chemist on this mixture is of especial value and seems to confirm 
the view previously expressed on the relative effect of a moist and of a 
dry climate on the behavior of the wash. 


RECORDS OF EXPERIMENTS IN 1900.! 


Lime, sulphur, and salt wash.—A mixture of this substance was prepared, 
differing slightly from the formula given in Farmers’ Bulletin No. 19 in that the 
amount of lime was somewhat reduced, namely, from 40 to 30 pounds. This 
reduction in the amount of lime was made simply because in the ordinary for- 
mula the lime is very greatly in excess and remains as a pure lime sediment in 
the wash and has to be kept in suspension by agitation. Even as thus reduced 
there is still a considerable excess of lime. The formula followed was: 


Lee oe Na Sa eS Pe ee eT PRP pounds__ 30 
S00 A 8 ea ae 2 eae TOM 0 il a eI Pind dow 4.20 
oly a SSS Ee ee oe ee Meee ROR SES eee | Oars dosrst. Lp 
VITESSE RE ah FS ae eae ere Pl One ee a pars DO ne gallons__ 60 


The mixture was steam boiled all together in barrels about four hours and 
applied March 23 and repeated March 24. The hot liquid was taken immedi- 
ately from the barrels at almost a boiling temperature and sprayed at once on 
the trees. A series of experiments was also made with the preparation of this 
wash on a smaller scale, following practically the same formula. The products 
obtained were submitted to the Chemist of this Department for analysis, and the 
assistant chemist charged with the work was especially advised just what features 
_Were supposed to be desirable and what points the analysis should bring out. 
The result of this analysis, made by Mr. J. K. Haywood, of the Bureau of Chem- 


1 Bul. 30 (new series), Div. of Entomology, pp. 34-37. 


4 


istry, as reported by Dr. H. W. Wiley, Chief Chemist, is given in a footnote.! 
It is very interesting and valuable as showing the probable exact chemical nature 
of the wash in a dry climate and correspondingly also in a wet climate, in these 
respects practically substantiating the theory which the writer had announced 
several years ago. The practical application of this wash, as described above, 
was made to pear and plum trees, both infested with the San Jose scale, the 
plum trees being very thickly covered with the scale from top to bottom and the 
pear trees scaly from the butts upward three or four feet, scattering more or less 
over the whole tree. The plum trees had also more or less of Diaspis pentagona. 

The question naturally arose, in view of the extreme heat at which the liquid 
was applied, whether any results gained might not be due to the high tempera- 
ture of the liquid rather than from any insecticidal action. To test this matter” 
some plum and peach trees covered with Diaspis pentagona were sprayed on 
March 27 with water at boiling temperature, or nearly so, the nozzle being held 
within 3 or 4 inches of the bark and the spraying being very thoroughly done. 
At a distance of 18 inches, as tested by spraying one’s hand, the mist or spray 
was barely warm; at a distance of 12 inches, fairly hot; and very hot at from 4 
to 6 inches. The bark of the trees sprayed was cold to the hand as soon as 
spraying stopped. This hot-water spray, brought to bear closely on the scale 
insects, it was thought would kill them, although it would of course be imprac- 
ticable to make such close-range application in general practice. On the 
contrary, however, the scales remained. in a vigorous, healthy condition, and 
apparently did not suffer in the least from the warm douche. 

The results, therefore, gained by the lime, sulphur, and salt wash may be 
properly ascribed, it is believed, to a true insecticidal value of the substance 
rather than to the temperature of the application. The trees treated with this 
wash remained nearly snow-white, little, if any, of the mixture being taken off 
by the light snow and rain of the 25th and 26th instant. Discoloration of the 
Diaspis began to be noticed on the 27th instant. On April 13 the Diaspis scale 
insects killed ranged between 20 and 50 per cent on the young, vigorous limbs. 
All were dead on the old trunk, where the wood was in a very unhealthy con- 
dition owing to the completeness of the infestation, both by the Diaspis and the 
Aspidiotus. The San Jose scale, so far as investigation could determine, seemed 


1The lime, salt, and sulphur wash, as finally prepared, contains the following 
substances in solution: A large amount of (CaS) calcium sulphid, some of the 
higher sulphids of Ca (as CaS; and CaS;), small amounts of (CaSO,) calcium 
sulphate, and traces of (CaSO3) calcium sulphite, and a large amount of (CaS203) 
calcium thiosulphate; also some of the excess of Ca(OH)»: lime is in solution. 
The residue is composed of lime. 

On evaporating down a portion of the wash, with blast and at a gentle heat, 
no decided change takes place. Calcium sulphid still remains, as does calcium 
thiosulphate. A small amount of sulphur is deposited (doubtless from the poly- 
sulphids of calcium), and the amount of calcium sulphate is increased to a small 
degree. 

it such a wash were applied to trees in a dry climate, the various compounds 
formed would remain for a long time and only gradually decompose. Event- 
ually, however, the calcium sulphid would decompose, most likely forming cal- 
cium sulphate and some hydrogen sulphid (H2S8), and the calcium thiosulphate 
would decompose, first setting free sulphur and calcium sulphite, which last 
would oxidize to calcium sulphate. The lime would change to calcium carbonate 
(CaCO;) and the polysulphids would break down, yielding sulphur and calcium 
sulphid,. which would in turn change as above. 

In a wet climate the calcium sulphid and the calcium thiosulphate would soon 
leach out, leaving behind small amounts of calcium sulphate and a large amount 
of lime, which would in turn form insoluble calcium carbonate. In this latter 
case the tree would still remain white and appear to still have the wash upon it, 
but, in fact, very little other than the calcium carbonate would be left. 
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to be killed completely ; no insects were found on the young, vigorous shoots or 
older wood. The trees were still whitened with the wash, which had not been 
carried off to any very great extent by the heavy rains of April 11 and 12. The 
infested trees, especially those that had been pruned back, made a very vigorous 
growth, and the fruiting and growth of the others were entirely satisfactory. 

In this experiment, which differed so remarkably in results from other experi- 
ments made in the East with this substance, it must be noticed that the weather 
conditions were exceptionally favorable. The application was made on March 238, 
and no washing rains followed until April 11 or 12, the light rain and snow of the 
25th and 26th of March being not enough to vitiate the wash particularly, as 
very little of the snow rested on the trees, and much that did gain lodgment 
fell or was blown off subsequently. <A very light shower occurred on April 4, 
but the first heavy downpour and long rain occurred on the night of April 11. 

This experiment would seem to indicate that if one could count on a week or 
two of good weather following an application, the lime, sulphur, and salt wash 
might be as beneficial in the East as on the Pacific coast. Its cost is inconsider- 
able compared with the other treatments for the San Jose scale. 

During the summer of 1900 the writer spent considerable time in California 
and saw a great many deciduous orchards that had been treated with the lime, 
sulphur, and salt wash. This treatment had been made in the winter or early 
in the spring, before the trees had begun to leaf out, and at the end of August 
the trees were still distinctly whitened by the application, there having been no 
rains in the interim to remove it from the bark. Under such circumstances it is 
plainly to be seen that this wash has the maximum chance of effectiveness, and 
that it is thoroughly effective under these conditions, is beyond question. Its 
effectiveness is undoubtedly, in the first instance, chiefly due to the direct insec- 
ticidal action of the mixture; and possibly, secondarily, in protecting the tree 
by the limy and sulphurous coating, which remains for months and is undoubt- 
edly distasteful to the young scales coming from old individuals which may have 
escaped, and perhaps retains enough of its insecticidal value to destroy many of 
them. 


RECOMMENDATIONS BASED ON THESE EXPERIMENTS. 


On the strength of these experiments the lime, sulphur, and salt 
wash has been since recommended by us, as already stated, as a remedy 
for San Jose scale in the East, with the understanding that unfavorable 
weather conditions, that is, heavy rains, immediately following treat- 
ment, may very probably decrease the benefits to be derived from it. 
That under favorable conditions its use may be thoroughly satisfactory, 
as much so as kerosene or crude petroleum, was fully demonstrated. 


WORK DONE BY OTHER EXPERIMENTERS. 


In the winter of 1901-02 Prof. S. A. Forbes instituted certain experi- 
ments with the California and Oregon washes, and his results of a 
highly satisfactory nature are given in Bulletins 71, 72, and 80 of the 
Illinois Agricultural Experiment Station. In brief, these seem to indi- 
cate that either the California wash or the Oregon wash, the preference 
in the later publications being given to the former, can be used under 
_ Eastern conditions with the probability of satisfactory results irrespec- 
tive of weather conditions; in other words, Professor Forbes’ experi- 
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ments were directed particularly to determine whether washing with 
rain or artificial washings of sprayed trees would affect the efficiency of 


the wash, and, rather surprisingly, such washings seemed to have had 


no prejudicial effect. 

From the experience up to the present time it does not seem reason- 
able to assert from Professor Forbes’ results alone that the California 
wash is not affected by hard washing rains, especially in view of the 
tests made by the Department Chemist, and the less favorable or con- 
tradictory results obtained by other experimenters, nevertheless the 
evidence is sufficient, on the whole, to warrant the placing of this wash 
among the best of the remedies in the East against the San Jose scale. 

The work in Illinois has been supplemented by independent experi- 
ments in New Jersey, New York, Maryland, Georgia, and other States, 
and while all tests have not been successful, they seem to indicate that 
the lime, sulphur, and salt wash will, in the majority of instances, give 
decidedly good results, often destroying the scale nearly as effectively 
as an oil or a soap application. 


HOW THE WASH AFFECTS THE SCALE INSECT. 


The action of this wash on the scale is very slow and, judging from 
Professor Forbes’ experience, it 1s possible that in the case of our pre- 
liminary work in Maryland in 1894, if the trees had been left for the 
summer without other treatment, the lime wash might have continued 
its effect and exterminated the scale in a much greater percentage than 
was the case in April. This wash coats the tree thoroughly, has a 
decided caustic insecticidal effect, and dissolves, to some extent, and 
loosens the scale covering, so that a large number of scales perish during 
the winter and early spring, and thig action continues until the emerg- 
ing of the first brood of young. As indicated above in the quotation 
from Bulletin 30, the weakened wash remaining on the trees through 
early summer may still be strong enough to kill some of the delicate 
larve and act as a deterrent to the settling of others until they perish. 
In fact, the chief benefit seems often to come at this season. 


CAUTION IN ESTIMATING RESULTS. 


It should be remembered that the sudden increase in the percentage 
of dead San Jose scales on trees in April may not necessarily be due to 
the wash, but rather to the fact that the male insects transform to the 
winged stage in April long before the females reach full growth, and 
hence there is an appearance of a sudden increase of dead scales, the 
abandoned scale covering of the male insect still adhering to the bark. 
This may often amount to 95 per cent of the scales. In the spring of 
1902 the male scales in the Department orchard represented fully 95 to 
98 per cent of the living insects on the trees in early April. The hatch- 
ing of these, of course, gave an immediate appearance of an almost 
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SOME INSECTS AFFECTING THE PRODUCTION OF RED CLOVER SEED. 


By F. M. WEBSTER, 
In Charge of Cereal and Forage-plant Insect Investigations. 


Our knowledge of the two insects here given more special considera- 
tion—the clover-flower midge and the clover-seed chalcis—is still some- 
what obscure, and particularly so in the case of the latter. In the follow- 
ing pages the effort has been made, not so much to present a finished 
treatise as to place within reach of the practical farmer, in a condensed 
form, all available information relative to some of the insects that, in 
one way or another, affect red clover seed. At the present time culti- 
ration of this valuable crop for seed is frequently attended by losses, more 
or less serious, or even by total failures, the causes of which are not at 
all well understood by the agriculturist. Bumblebees, or some similar 
agency, are necessary to the pollination of the clover blossom. It is 
possible, however, that many failures of the seed crop heretofore attrib- 
uted to a scarcity of bumblebees may in reality be due to the destructive 
work of the insects herein described. 

These two insects have been selected both because of their economic 
importance and also on account of their interrelations, not only with 
each other—as the presence of one in a floret precludes the existence of 
the other—but also with other clover insects. 


RELATIONS OF THE TWO INSECTS. 


- What has until very recently been termed the’clover-seed midge is in 
all probability not a seed-infesting insect at all, but one which attacks 
the ovaries, probably destroying them before they are fertilized, and 
certainly before seeds can develop. The clover-seed chaleis lives in 
the seeds only; therefore, when the first occurs it is impossible for‘the 
second to exist. 

INTERRELATIONS WITH OTHER INSECTS. 


No influence of the bumblebee can produce seed where its visits to 
the florets have been anticipated by the maggots of this midge. But 
the complication does not end here by any means. Another insect, the 
clover-leaf weevil! (fig. 1), a beetle introduced into this country by acci- 
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dent many years ago, probably from Europe, and now known to oeeu 
from New England to North Carolina and Wisconsin, attacks the clover 
plants in spring after they have made some growth and, in cases of ex- 
cessive abundance, leaves the ground as bare of clover in May as it wild 
in December. It does not, however, injure the roots, and soon the— 
plants spring up and the fields become as green with clover as before, 

the final result being that only the blooming is retarded. That this 

delay is fatal to the midge has been shown, again and again, by the 
heavy crops of seed that have been secured from fields overrun with the | 


weevils in May. A further complication is found in the fact that the 
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Fra. 1.—The clover-leaf weevil (Phytonomus punctatus): a, egg; b, b, b, D, 
larvee feeding; c, recently hatched larva; d, head of same from beneath: 
e,jaw of same; f, cocoon; g, meshes of cocoon; h, pupa; 7, beetle: 7, same, 
in outline; 4, same, dorsal view; l, tarsus of beetle: m, antenna of same 
(b, f, i, natural size; others more or less enlarged). (From Riley.) 


clover-leaf weevil does not become excessively abundant and eat off the 
clover every spring, because a fungous parasite attacks the larvee, causes 
them to die off by myriads, and thus keeps the insect greatly reduced 
in numbers. 

To summarize, the clover-seed chalcis attacks an important seed 
crop; but the flower midge destroys the ovaries before these have been 
fertilized by the bees and seed developed, thus checking the chalcis; 
the leaf weevil, however, eats off the clover plants in spring, so that 
blooming is delayed until after the midge is obliged to deposit its eggs, 
thus restricting its breeding; while the insect-destroying fungus keeps 
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} the leaf weevil from subjugating or exterminating the midge, by causing 
| the death of the young weevils. 

(All of this conflict is going on to a greater or less degree each year in. 
‘the clover fields of the farmer, and for the most part without his 
‘knowledge; nevertheless he is a gainer or a loser in proportion as each 
‘insect increases or decreases in abundance. <A knowledge of these 
conditions will better enable him to devise practical means to protect 
his crop and avoid loss. 


THE CLOVER-FLOWER MIDGE. 


(Dasyneura [Cecidomyia] leguminicola Lint.) 


This minute insect, shown in figures 2 and 3, 1s a near relative of the 
wheat midge,! which it re- 
sembles in form and color. 
The larva, or maggot, also 

bears a similar resemblance 
in shape and color; hence 
farmers, in searching for the 
clover-flower midge, should 
look for something very like 
what has been long, though 
erroneously, known as the 
‘ ° . . 
“red weevil”? in wheat, and 
will frequently find it in suffi- 
cient abundance among the 
hulled clover seed to attract 
their attention. Indrawing _ 
, Fig. 2.—The clover-flower midge ( Dasyneura leguminicola): 
in clover hay these maggots a, enlarged side view of female, with scales denuded, to 
are frequently shaken from show more clearly the structure; b, head, more bighly 
A magnified. to show structure of the eye, palpi, and basal 
the cured blossoms in such joints of antenne; ¢, tip of ovipositor, highly magnified 
numbers that the bottoms and showing at end of next to last joint the manner in 
. which it is clothed with minute hair; d, highly magnified 
of the wagon racks become antennal joints, their minute hairy clothing shown on 
literally covered with their the lower one. (From Riley.) 


reddish bodies. 


DESCRIPTION. 


The adult insect (fig. 2, female; fig. 83, male) is a minute two-winged 
fly. The head and thorax are black, the latter clothed with rather long 
hairs. The antenne are long, those of the female (fig. 2) sixteen or 
seventeen jointed and those of the male (fig. 3) fifteen-jointed. The 
wings are nearly transparent and clothed with numerous short, curved, 
blackish hairs, giving them a dusky appearance, each wing having three 
longitudinal veins, the third vein being either forked or more or less 
obsolete toward the tip. The wings are also fringed with hairs that are 
longer and paler than those on the surface. The abdomen of the female 
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(fig. 2) is reddish, with black hairs on the back of each segment. ral | 
abdomen of the male (fig. 3) terminates with a pair of clasping organs, 
while that of the female is provided with a long, pointed, extensile ) 
ovipositor, about twice as long as the remainder of the body. 

The egg is only about one one-hundredth of an inch long, oval, about 
three times as long as broad, pale yellow when first deposited, but 
becoming tinted with orange as it nears hatching. 

The larva (fig. 4) when 
full grown is about one- 
twentieth of an inch long, 
footless, ranging in color 
from nearly white to orange- 
red, according to age. 

The pupa is pale orange 
in color, with brown eyes. 
On the front of the head are 
two short, conical tubercles, 
and behind them two long 
bristles. The sheaths inclos- 
ing the antenne are curved | 
outward like the handles of 
an urn. 


- 


LIFE HISTORY. 


The pupa is inclosed in 
a compressed, tough, oval 
silken cocoon, and when the > 
fly is ready to emerge the 
pupa pushes itself out of 
this cocoon to the surface 
of the ground. 
It is within the cocoon 
Fig. 3.—The clover-flower midge (Dasyneura legumini- that the winter is passed, 
cola): a, enlarged dorsal view of male with seales de- : : : 
nuded; 6, head; ¢c, genitalia; d, antennal joints, more and the time In spring when 
highly magnified, to show structure; e, tarsal claw; it comes forth as an adult 
i pment hei gar ote varies with the latitude and 
season, probably closely corresponding to the heading of red clover. 
After pairing, the female proceeds to deposit her eggs in the clover 
head, pushing them beneath the bracts or enveloping leaves, or down 
between, but not fastening them in any way to the seed capsule, and in 
no case, so far as observed, within the florets. Although deposited 
singly, Professor Comstock reports as many as 50 eggs in a single head. 
In hatching, the larva must make its own way into the open end of 
the floret, which offers only sufficient quarters for one individual. In 
this floret it feeds, and from it, when full grown, it makes its exit and 
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‘drops to the ground, into which it usually descends a short distance. 
‘Here it forms a tough silken cocoon, to which particles of earth adhere, 
giving it the superficial appearance of a little lump of soil. From the 
cocoons the adults emerge in time to oviposit in the second or seed crop 
‘of bloom, and the same mode of procedure is gone through with again, 
except that this time the insect hibernates in the cocoon and the midges 
do not appear until the following spring. 

It will thus be observed that there are two annual generations, the flies 
appearing simultaneously with the first and second blooming periods 
of the clover. While they thus appear earlier in the South than in the 
North, it is doubtful if there are more than two broods throughout the 
area over which red clover (Trifolium pratense) is grown, 
though the broods may be more prolonged or widely sep- 
arated to the southward. | C 
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t1FFECT UPON THE PLANT. ea 
EFFECT UPON I Sy 
There is no material effect on the stem or foliage, but Sea ( 
the heads quickly indicate the presence of the maggots ~~} 
by failure of the florets to develop, becoming reduced in any 
size, often distorted, and lacking the familiar pinkish color = @Sp/ 
more or less. In fact, the abundance of the pest may be S 
3 b; a IS 7 
approximately estimated by the appearance of a clover il G\GN 
field during the blooming season. ie op taal 
A 
DISTRIBUTION. 
Fig. 4.—Clover- 


hae flowermidge: 
Although the pest did not attract more than lecal atten- — g. jarva_ en- 


tion until 1878 and was not described until a year later, larged, ven- 


: . 4 : - . A Repgr Got tral view; 5b, 
there is considerable evidence indicating that it was injuri- 
ous in New England at least thirty years prior to these 
dates. Dr. 8. A. Forbes, also, found good evidence of its 


head retract- 
ed, highly 
magnified. 
(Riley.) 


occurrence in Illinois at about the time of its discovery in 

New York by Lintner. One of the writer’s assistants, Mr. G. I. Reeves, 
found it occurring in Nebraska in destructive abundance in 1904, though 
Prof. Lawrence Bruner did not know of its occurrence in that State in 
1898. The late Miss Ormerod reported its occurrence in England in 
1890 and stated that it had probably been present in the clover fields 
there for several years. 
moth, crimson, 


In America it probably occurs wherever mam- 
white, or the common red clovers 


are grown. 
NATURAL ENEMIES. 


One of the first parasites to be reared was bred in 1879, at Washing- 
ton, D. C., from material sent from New York. It is a minute black 
four-winged fly! which the writer reared also from the larve of the w heat 
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midge in Indiana in 1884. It does not finish its transformation until | 
after the maggots have left the clover heads and constructed their co- | 
coons in the ground, and therefore emerges from the cocoons and not 
from the clover heads. 

Two species of Tetrastichus, both small, mostly black or bronze- | 
colored four-winged chalcidid flies, were reared in immense numbers in | 
the spring of 1905 from clover heads collected about Lincoln, Nebr., | 
during the preceding December. In this case the adult parasites were . 
reared from both larve and pups taken in midwinter from infested 
clover heads, and their abundance is an indication of their efficiency in | 
destroying the midge. 

PREVENTIVE MEASURES. 


Fortunately there are two equally efficient and practical measures | 
that can be applied, each to different field conditions. If the meadow 
to be protected consists of clover alone, and not a mixture of clover and 
timothy, the hay should be cut quite early, not later than the second 
week in June, in ordinary seasons. In the latitude of northern Ohio, 
Indiana, and Illinois this will be just before timothy is headed, but, of 
course, the date will be earlier to the south and later to the north. As. 
clover alone will stand earlier harvesting without injury to the hay crop, 
this method is entirely feasible; and it seers either to destroy the. 
larvee of the midge or to so hasten the second blooming that, by the 
time the second or fall brood of midges appears the blossoms have 
become too far advanced for the maggots to work in them. 

The second measure can be applied where, as is more often the case 
in the Middle West, timothy and clover are grown together. While 
dairymen and cattlemen prefer clear clover hay, horsemen prefer 
timothy with little or no clover. Besides, in some sections of the 
country, the clover seems to gradually displace the timothy, while in 
others the reverse is the case, the relative proportions of each being, 
therefore, more or less unstable. In such cases it is understood by the 
farmers that a mixed meadow with much timothy needs to stand longer 
before mowing than in case of clover alone, a condition that can be! 
effectually met by pasturing meadows lightly or running a mower over 
them and clipping back the growth—probably not later than the middle 
of May to the south, while Doctor Fletcher, in Canada, states that in his 
northern latitude it must be done not later than June 20. This treat- 
ment of a meadow of clover and timothy combined only checks the 
srowth temporarily, precisely as does the work of the clover-leaf weevil, 
so that both first and second blooming of the clover portion come too 
late for the destructive work of the midge, and the hay crop, as a whole, 
sustains no loss. This retardation may slightly delay the haying in 
meadows so treated, but this hay can be cut while the timothy is in 
bloom or afterwards, as suits the desire of the owner. 
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In putting either one of these methods into practice, the farmer will 
jave to use his own judgment as to exact dates, as seasonal influences 
affect both the time of blooming of the clover and the appearance of 
she midges. He must also see to it that roadsides and margins of fields 
Sire prevented from becoming nurseries for the midge, from which they 
imay easily migrate to his fields. 


THE CLOVER-SEED CHALCIS. 


(Bruchophagus funebris How.) 


The differences between this insect and the preceding have already 
been pointed out. Its habits are decidedly anomalous. It belongs to 
a family of parasites whose office it is to prey upon and destroy other 
insects; and it was largely this conception of its mode of living that 
‘caused it to be first described as a parasite of the clover-flower midge, 
jand thus to be looked upon as 
la friend of the farmer instead 
lofasanenemy. Thisopinion 
twas universal up to 1896, 
iwhen Dr. A. D. Hopkins. then 
‘of West Virginia, called at- 
tention to the misconception, 
but even at that late date his 
conclusions were not gener- 
milly accepted as correct. 
Since that time, however, the 
insect has again and again 

ay eng, a FIN Sve nels corenecone ner 
be a vegetable feeder, by in-  teft, more enlarged. (Original) 

vestigators within this Bureau 

and by others, until there can no longer be a shade of doubt regarding 
its clover-seed-destroying habits. Both this and the midge may inhabit 
the same heads of clover, but not the same florets. 


DESCRIPTION. 


The adult insect is shown enlarged in figure 5. It is of small size, 
compact form, and general black color, with dark-brown eyes, and with 
the lower portion of the fore legs and all the feet light brown. 

The egg (fig. 6) is whitish, smooth, polished, slightly elongate, with 
a long, slender pedicel. It is deposited directly in the otherwise per- 
fect seed. 

The larva (fig. 7) is of much the same color as the egg and when full 
grown practically fills the empty shell of the seed, the contents of which 
it has consumed. 

The pupa (fig. 8) is at first whitish, but later changes to brown. It 
develops to the adult within the seed and in this last stage eats its way 
out of the now empty seed shell. | 


Q : 
LIFE HISTORY. 


It is probable that the insect passes the winter in the seed within out- 
standing clover heads in the field, and it may do so either as larva or 
pupa. 

Doctor Hopkins and Mr. E. 8. G. Titus, both of whom have witnessed 
oviposition, state that the female crawls down among the 
florets and pushes her egg into the seed, which at this time 
is in a semifluid state. As this is practically the condition 
of the seed until it becomes full sized and begins to harden, 
it is not yet clear just how the larva feeds during this time, 
but in all cases the larva develops within the seed, and 
from -it the adult emerges. Mr. Titus found that a larva 
sometimes abandons one seed and, eating its way through 
the inclosing floret into an adjoining one, enters another 
Fra. 6.—The seed. In one instance observed, a single larva appeared to 

SNES ea have in this way reached and partly devoured three seeds. 

highly mag- This would account for the shrunken or partly developed 

ne (Orig seeds, frequently. charged up to the midge. Developing 

‘ within the seed, it seems probable that the adults issue 

therefrom at the usual time when the seed of the second bloom has 
begun to form, and that the same mode of pro- oon 
cedure is followed as before, except that the i *, oan 
adults from these seeds do not appear until late |... m4 
in the following spring or early in the summer. [> 
While future investigations may necessitate mod- ae : 
ifications of this supposed life cycle, it will prob- \o fie fg 
ably be found, in the main, correct, and, if so, ie oeri’ 
it would seem that the less number of seeds pro- eae Pan gee 
duced by the first bloom might act asa restraint headat right, more enlarged. 
upon the excessive abundance of the insect in pea 
the second. However, as cases are known in which from 50 to 85 per 
cent of the seeds of a single head were infested, it will 
readily be seen how serious a pest it can become in the 
clover field with no other restraint put upon its increase. 
Its presence is most assuredly never beneficial. 


FOOD HABITS AND EFFECTS UPON THE PLANT. 


The food plants are known to include the seed of red and 
shined crimson clovers and alfalfa. 

Bienes Pu There appears to be no visible effect upon any part of 

pa, much the plant attacked except the seed. Even badly infested 

ACRES heads can not be distinguished from those uninfested. At 

present it seems that a serious loss to the clover-seed crop 

may be caused by this insect, without the farmers being in any way 


able to account therefor, as the shriveled and imperfect seeds are mostly 


| ¥ ) 


' blown out with the chaff in hulling, as are also more or less of those 


infested. 
DISTRIBUTION. 


+ The insect is known to occur from New England to Oregon, Washing- 
_ ton, and California on the west, and south to Mississippi; and, in fact, 


it may be confidently looked for wherever its food plants are grown. 


NATURAL ENEMIES. 


While parasites have been frequently reared from infested clover 
heads, it is as yet impossible to say whether they had preyed upon this 
or some other insect occurring with it. 


PREVENTIVE MEASURES. 


While it would seem that the same measures recommended for the 
flower midge might apply to this insect, more careful study and experi- 
+ mentation than have yet been given the subject will be necessary before 
we can secure definite assurance that this is so. 
If all outstanding clover heads were destroyed and the chaff and 
‘*stems burned after hulling, this would in all probability greatly reduce 
_ its numbers the following year, even if it did not exterminate it. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 12, 1906. 
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1 THE HESSIAN FLY. 


( Mayetiola [ Cecidomyia] destructor Say. ) 


By F. M. WEssTER, 


' In Charge of Cereal and Forage-plant Insect Investigations. 


. Probably no other insect causes more damage to the wheat crop 


of the United States 
than the Hessian fly, 
though the chinch bug 
is doubtless a close 
second. During years 
when it is excessively 
abundant, hundreds 
of thousands of acres 
of wheat may be either 
totally destroyed or so 
badly injured as to re- 
duce the yield 50 to 75 
per cent, and the mon- 
etary losses expressed 
in dollars would run 
far up into the mil- 
lions. Thisinsectis an 
old depredator, in the 
‘ense that it has long 
oeen known to ravage 

ur wheat fields, yet 


enlarged (original). 


Fic. 1.—The Hessian fly ( Vayetiola destructor): Adult female, much 


armers are, in many cases, still at a loss regarding the best methods 


f warding off its devastation. 


EARLY HISTORY IN AMERICA. 


The common name, ‘* Hessian fly,” was long ago bestowed upon this 


Insect by Americans, because of its having committed some depreda- 


tions on Long Island, New York, in 1779, in the vicinity of Lord 
Howe’s old encampment of three years before. The Hessian merce- 


(1) 
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naries who constituted a part of this army were much despised, both. 
at home and in America, and, on the supposition that these soldiers 
‘had brought the pest: 
with them from theix’ 
native country in the 
straw used for their 
bedding while en route, 
it was given the obnox- 
lous name of ‘* Hessian. 
fly.” Whether or not 
this theory of its in- 
troduction was well 
founded can never be 
either substantiated or 
disproven, and all that 
can now be said is, that 
: the pest was imported, 
f \ probably from some 
\ trans-Atlantic country 
\ and some time during 

\ the latter half of the 

Fic. 2.—The Hessian fly: Adult male, much enlarged (from eighteenth century. As 

pace a a matter of interest, it 

may be stated that, in some quarters, the more ignorant Tory element 
of those days claimed that General Washington was responsible for 
this pest. It was not technically described until 1817. 


* 


DESCRIPTION OF THE INSECT. 


The fly itself (tig. 1, female; fig. 2, male) is very small, being only 
about one-tenth of an inch long, the body of an 
obscure dark color, and the form much like that | 
of a very small mosquito. The abdomen of the | 
female (fig. 1) is red, or yellowish when first 
hatched from the *‘ flaxseed,” the color varying 
with age, the posterior segments terminating in 
a compressed cylindrical, very minutely hairy 
ovipositor, capable of great extension. The male 
(fig. 2) is smaller, more slender, and in color gen- it 
erally darker than the female, the abdomen ter- 
minating in asomewhat intricate organ composed 
of a set each of outer and inner claspers. 

The egg (fig. 8) is very minute, being only | | 
about one-fiftieth of an inch in length, cylindrical, Fic. 3.—Egg of Hessian fly, 
roundingly pointed at the ends, glossy transhu-  S7ity rane nL chow. 
cent, and slightly reddish, this color deepening _ ingeggsasusuallydeposited ; 

1 less enlarged (original). 
with development. 

The larva or maggot (fig. 4), when newly hatched, is a little smalley 
than the ege, with a slightly reddish tinge; later, as it increases In 


| 
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‘size, it is at first white and afterwards greenish white, clouded inter- 
nally by flaky white. 

The flaxseed (fig. 6).—This is the name given to the insect after the 
‘larva has reached its full growth and the skin has hardened and turned 


-brown, forming a covering known as a puparium. 


There 


‘is at this time a minute, brown, forked process on the 


‘underside of the anterior end of the larva, known as the 
“breastbone” (fig. 5), 


‘stood. It is not present, however, until the larva enters 


Fic. 5.—The Hessian 
fly: Larva taken 
from ‘‘ flaxseed,” 
much enlarged, 

“pbreast- 

still more 

enlarged at right 


with 
bone”’ 


(original). 


sionally found on the underside of the leaf. 


the use of which is not fully under- 


the flaxseed state. Within this ‘* flaxseed” 
it transforms first to a pupa(fig. 7), and from 
this to an adult fly. The term ‘‘ flaxseed” 
is applied partly because of its brown color 
and partly because it is more or less flat- 
tened, thus giving it somewhat the appear- 
ance of a flaxseed. 


WHERE TO FIND THE DIFFERENT STAGES 


From the foregoing descriptions it will 
be observed that, during the life of this 
insect, 


FIG. 


it is found in four very different forms, 


4.—The 
Hessian fly: 
Larva _ be- 
fore ‘* flax- 
seed’”’ is 
{orm ed. 
much _ en- 
larged (orig- 
inal). 


SO 


entirely unlike in appearance as to confuse the average 


farmer. 


The eggs (fig. 3), which may be easily seen by one 
with fairly good eyesight, are generally placed in the 
grooves of the upper surface of the leaves, though they are occa- 


W haa the 


young wheat plant is just pushing through the ground, 


Fic. 7.—The Hes- 
sian fly: Pupa 
taken from 
Pa x seed.’ 
greatly en- 
larged (after 
Marlatt). 


still retain the same relative position. 


the egg is sometimes placed on the outside, 
because no leaves are available. The young 
larva is slightly smaller than the egg, and 
as soon as it is hatched it makes its way 
down the leaf and behind the sheath. In case 
of young wheat it descends to just above the 
root, but after the plants have begun to joint it 
can go no farther than the base of the sheath 
belonging to that particular leaf, which is al- 
ways at the joint. Where excessively abun- 
dant, the larve will frequently be found on the 
lower stem ranged one behind the other, the 


Kies 


6.—The 
Hessian fly: 
Puparium 
Orie COA Gye = 
seed,’ much 
enlarged 
(original). 


anterior end of one pushed slightly under the posterior 


end of the one in advance. 


Very often this position is 


maintained throughout the entire development of the 
larva (figs. 4 and 5), and the flaxseeds (figs. 6 and 10) 


The fall brood of larvee and 


the overwintering flaxseeds are to be found just above the roots (fig. 10), 


~ 


except in cases where the young plant has become disintegrated and 
separated at the point of attack in the fall or the plants have been 
heaved out by the action of freezing and thawing, in which case they 
may be scattered about on the surface of the ground. 

The young make their way down the plant head foremost, and so 
remain until before pupating, when they reverse their position in the 


flaxseed and are then situated head upward, and thus pass into the 


pupal stage. Before the fly issues, however, if the flaxseed is not 
situated conveniently for its escape, the pupa will push itself, if pos- 
sible, to such a point, and frequently empty pupa skins may be 
observed protruding from under the sheaths of the leaves. 

_ The fly itself is not easily observed until one becomes familiar with 


its appearance, and this will account for the great variety of insects 


that are continually mistaken by farmers for the Hessian fly. Much 
of this difficulty may be obviated if farmers will look for an insect 
like that shown in figure 1, but very minute and somewhat resembling 
a very small mosquito. During warm days, in the egg-laying season, 
the flies may be observed flying about in the young wheat, alighting 
upon the leaves. In cooler days, or in early morning while a heavy 
dew is on, they will be down among the leaves, or even on the ground. 


LIFE HISTORY. 


At present all indications point to the probability of tne Hessian fly 
being two-brooded, at least during favorable seasors, over its entire 
area of distribution in the United States. 

In the South the two broods are the most widely separated, while 
in the North, in the regions of spring-wheat growing, they seem to 
follow each other in quick succession. 


LIFE HISTORY IN REGIONS OF FALL-WHEAT GROWING. 


Throughout the fall-wheat-growing sections the fly passes the winter 
in the young wheat, mostly in the flaxseed stage, but also to some 
extent as from two-thirds to full-grown larva. — It is difficult to esti- 
mate the number of these larvee that will winter over and remain alive 
until spring, owing to the fact that it is impossible to determine whether 
they are alive or dead until they begin to decay. But where we have 
attempted to rear them, even though apparently alive, comparatively 
few adults have been obtained, though of course this mortality would 
probably vary somewhat with the severity of the weather during 
winter. 

In spring (from March, in Georgia and South Carolina, to May, in 
Michigan) the flies escape from the flaxseeds and deposit their eggs on 
the wheat, and the young from these develop to flaxseeds before har- 
vest, passing the summer in the stubble. The flies from overwintering 


larve come on later: and it is quite probable, also, that some of the — 


very earliest deposited eggs may give rise to adults at about this 


?’ 


' 


" 
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time; thus, owing to this overlapping, during some seasons and in 
some localities, there appears just before harvest what has by some 
been considered a supplementary second brood. 

In autumn the time of appearance of adults as between North and 
South is reversed. In northern Michigan the adults of the fall brood 
are abroad, under normal meteorological conditions, during the last 


days of August and first days of September. In Georgia and South 
Carolina, under the same conditions, it may be the last of Novem- 


ber or the first of December before they have all left the stub- 


ble. Thus has the species adapted itself to the prolonged southern 
summer, during which there is little or no food for the larve. While 
there are stragglers, the major part of the brood will appear and dis- 
appear within the space of a few days, probably within a week, and 
the flies, by preference, will deposit their eggs on the younger plants, 
those of one or two leaves seeming to suit them best. At this time 
the young Jarve make their way downward nearly or quite to the roots 
(fig. 10). The normal outcome of this brood is that the individuals 
reach their development as larvee, pass into the flaxseed stage, and pass 
the winter as such on the young wheat plants. But here again the 
earliest deposited eggs may produce adults before the winter sets in, 
and the delayed individuals occurring at this time may unite and 
another supplementary brood, as it has been termed, may be produced. 
The economic significance of this so-called brood depends much on the 
weather, as, if winter sets in before the larvee have sufficiently matured 
to withstand its rigors, these must necessarily perish, while, if the 
mild autumn weather is greatly prolonged, more or less of them may 
winter over uninjured. 


LIFE HISTORY IN SPRING-WHEAT REGIONS OF THE NORTHWEST. 


The statements here made are based largely on the careful investi-. 

= . 
gations carried out by Mr. George I. Reeves, a special field agent of 
this Bureau, during the season of 1905. This single season may have 


been an exceptional one, in that the spring was backward, the summer 


wet, and the mild autumn weather continued later than usual. The 
results must not, therefore, be taken as wholly conclusive. 

In North Dakota the insect winters in the flaxseed stage in both 
stubble and volunteer wheat. chiefly the former. Ege laying begins 
late in May, and during seasons with plenty of rain the second brood 
follows the first in quick succession, being reenforced by the con- 
tinued emergence of flies from stubble of the previous year. Here 
the summer conditions are different from those in the East and South, 
and the breeding season extends from about May 20 to October 1, or 
throughout the entire summer. In other respects the habits of the 
insect do not seem to differ from what they are in the fall-wheat- 
growing section of the country. 
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DISTRIBUTION. 


Outside of America the Hessian fly occurs in North Africa, western 
Asia, Europe, British Islands, and New Zealand. In the Dominion of — 
Canada Doctor Fletcher has found it from Prince Edward Island to | 
Indian Head, Saskatchewan. On the Pacific coast it probably occurs — 
from southern Culifornia to British Columbia; but as no exact investi- 
vations have been made there, this statement is to be considered as 
only approximately correct. 

Our previous notions of the distribution of this insect over the 
country east of the Rocky Mountains will have to be revised. The 
accompanying map (fig. 8) will show the extent to which this revision 
becomes necessary. The original of this map appears in Bulletin 16, 
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Fic. 8.—Map showing distribution of the Hessian fly in America (altered from Osborn). 


new series, of this Bureau (issued in 1899). The heavy broken line 
indicates the present western and southern limits of Hessian fly dis- 
tribution based on our latest observations and data furnished by Pro- 
fessor Bruner, of Nebraska, and Mr. R. I. Smith, entomologist of the 
Georgia State crop pest commission. This is believed to be approxi- 
mately correct. It also seems to show that the insect must have been 
first introduced into the Pacific coast region in or with articles of 
inland commerce, and (unless it be found to infest native grasses) that 
it did not reach there by natural diffusion, a point that has not before 
been definitely stated so as to be clearly understood. 

Experimental sowings of wheat near Sault Ste. Marie, Mich., dur- 
ing the last two years do not reveal its presence there, and no attempt 
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has been made to study its occurrence in the spring-wheat-growing 
sections of Maine. While its absence in some parts of the country 
‘between the Platte River, in Nebraska, and the Canadian boundary 
line might be attributed to a lack of its food plant, this will not hold 
‘in southwestern Kansas and Oklahoma, as in those localities it seems 
to suddenly terminate in the midst of a wheat-growing section, and 
where this grain has been cultivated for at least twenty years. Strange 
he this may at first appear, Doctor Merriam, of the Biological Survey, 
informs the writer that he finds several parallel cases in the distribu- 
‘tion of some of the smaller mammals. 


‘ 


: FOOD PLANTS. 


While the female fly will often deposit her eggs on grass, or even 
/weeds, the larve, so far as known, survive only on wheat, barley, and 
rye, proportionately in the order mentioned. From time to time 
**flaxseeds” closely resembling those of this insect have been observed 
on the stems of several native grasses, but adults reared from them 
have not been considered as belonging to this species, owing to sup- 
posed structural differences, and no experiments have been made to 
ascertain whether or not it is possible for larvee of the Hessian fly to sur- 
yive on these grasses. Doctor Forbes some years ago failed to induce 
the insect to breed in either redtop, bluegrass, foxtail, or orchard 
grass—species on which ‘* flaxseeds” had, however, not been found. 

Flaxseeds resembling those of Hessian fly have been found on Ely- 
mus, Agrostis, Bromus, and Agropyron, in California, by Mr. Koe- 
bele, and on the latter also in Indiana, by Mr. W. J. Phillips, a field 
agent of this Bureau. Besides, Doctor Lindeman found similar flax- 
seeds on timothy and Ayropyron repens in Russia. 


EFFECT OF LARVZ ON THE PLANT. 


The effect of the larvee on a young wheat plant is very marked and 
becomes observable soon after the young reach the stem under the 
sheath. Once he has observed it, any farmer can readily detect an 
infested plant, or a single infested tiller may be as readily detected in 
a cluster without taking the trouble to remove the plant from the 
ground. 

For the purpose of comparison, illustrations are given of an unin- 
fested young plant (fig. 9) and an infested young plant (fig. 10). An 
uninfested plant is of a more slender growth, the green color is lighter, 
with a slight tinge of yellow, the stems are more or less visible, and 
the central unfolding leaf is present. The whole plant is inclined to 
droop and the tillers spread out and cover the ground. An infested 
plant is without stem and the leaves are broader, usually shorter and 
of a deep bluish-green color, somewhat resembling those of oats. The 
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plant stands more erect, and, in fact, is but a mass of short overgrown 
leaves that usually kill with the first frost. Figure 10 shows a young 
tiller starting out from below the part attacked by the fly. If this 
tiller were to be attacked after it appeared above ground, there would 
follow the same appearance as in case of the original plant; that is to 


Fic. 9.—Healthy young wheat plant (original). 


say, the leaves would become broader and of a darker color. The 
foregoing statement will apply to a severe attack on fall wheat in 
spring and on young spring wheat. ‘The only exception in the appear- 
ance of infested young plants is in the case of the hard wheats, whose 
foliage is broader and of a darker color, but the erect position will 


2) 


still enable the observer to detect the infestation. Of course later on 
ithe infested plants change to yellow and then brown, but the darker 
color and rank growth of leaf always precede this. 

~ In summer, in both spring: and fall wheat, the effect of the fly is to 


Fig. 10.—Young wheat plant infested by the Hessian fly (original). 


cause the straw to break over before harvest. It is then said to be 
“*straw fallen.” 


IMMUNE OR DISTASTEFUL VARIETIES OF WHEATS. 


There is no such thing as ‘‘ fly-proof wheat.” Most wheats will suf- 
fer when the plants are young, regardless of variety. In experimen- 
tal sowings a variety that seems to escape attack one year may suffer 
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the next; and, while the insect may prefer certain varieties over others, 

this all comes to naught in years of serious ravages or where the sup- 

posed distasteful variety is in a condition more satisfactory to the 

insect at the time of oviposition. It is doubtful, however, if this can 

be said of the attack of the second brood on the more matured plants, 

as it is quite noticeable that the ranker-growing varieties with strong, 

stiff straw are the least affected. Then, too, among fall wheats in the 
northern part of the country it is quite essential that a wheat plant } 
be able to send out tillers from the old roots of plants killed by the fly _ 
(fig. 10), and that these tillers prove hardy enough to withstand the 
winter. Therefore, in selecting varieties of wheat with a view to evad- 
ing Hessian-fly attack, the farmer will do well to ignore statements on jf 
this point from those who have seed to sell and select from the varie-— 
ties known to do well in his locality such as are of strong, vigorous 
growth, hardy, and with a stiff straw. For some reason the durum or 
macaroni wheats do not seem to attract the fly, at least not the second J 
brood. In going over fields of this kind of wheat in sections where 
other spring wheats were suffering from attack by this pest, it was 
rarely found on a stem of macaroni wheat, while any straws of other 
varieties growing from seed that had become intermixed were almost 
invariably infested. Whether this will hold good in case of the young | 
plants it is as yet impossible to say, because of the difficulty of telling | 
to what varieties the young plants belong. Infested plants have been _ 
found in fields of young macaroni wheat in some considerable numbers; 
but these plants may have been of other varieties, as the fields had been — 
used for other varieties the vear before, and besides the seed itself may — 
have been impure. 


METEOROLOGICAL EFFECTS. 


All who have carefully studied the Hessian fly, under various field © 
conditions during a series of years, have noted that weather conditions | 
have an important influence on the insect. Especially is this true in- 
its economic relations to the grains it attacks;. hence, in the applica-_ 
tion of preventive measures, these weather conditions become of vital | 
importance. , 

Many farmers place much stress on the effect of cold weather or 
even of frosts in terminating the flies’ work in the fall, and it is for 
this reason that many try to delay wheat sowing until after there has 
been a sharp frost. The facts are that the females will be abroad and 
ovipositing in freezing weather, and Mr. W. J. Phillips has found | 
by experimentation that the eggs will remain in a temperature of 36° 
F. for seventy-two hours with no other effect than to delay their 
hatching that much longer. This is about the temperature at which | 
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\rosts would occur. Indeed, the writer has observed eggs hatching 
! turi ing the day in the melee when there were frosts nearly every night. 


«o pass the winter would, of course, oiepend upon nie weather condi- 
rions. In the North fhece much- belated larvee are killed off by cold 


’ The most marked influence of climatic conditions on this insect is 
4seen in the effect of heat and drought, and especially of the two com- 
Moined. In the South it is the long summer that so widely separates 
(che two broods. Drought has a similar effect on the development of 
rthe insect as it has on the germination of the seed which produces its 


owhere it is imperative to get the wheat sown early enough to enable 
the plants to stand the winter. Under exceptional conditions, such as 
fin a dry room, flaxseeds may be kept for a year, or even two, but 
jwhen moistened the flies will soon after emerge. So in the fields they 
ewill, during a drought, remain in the flaxseed state for a considerable 
“time after they would appear under normal conditions, and only appear 
isoon after rains have moistened the soil. 


NATURAL ENEMIES. 


There can be no doubt that parasites play a most conspicuous part 
in the natural control of the Hessian fly, and if we only knew the whole 
truth of the matter we should find that these minute friends of the 
‘farmer are worth many times their weight in gold. Not infrequently 
‘one species of these parasites will overcome the pest in a neighbor- 
‘hood so effectively as almost to exterminate it. Several times the 
‘writer has found, in attempting to breed Hessian fly from young wheat 
‘plants that had been killed by the larve, that hundreds of these para- 
sites would emerge from the flaxseeds, while only an occasional fly 
‘could be obtained. Nearly all of these deposit their eggs in the bodies 
of the maggots, but the fully developed parasites emerge from the 
‘flaxseeds. 

Professor Osborn “ has enumerated six species of these parasites, not 
including the English species /ntedon epigonus Walker.  Polygnotus 
minutus Lindm., which occurs in Russia, France, and England, is in 


| 


21898: Bul. 16, n. s., Div. Ent., U. S. Dept. Agric., pp. 28-29. 
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if 
America represented by Polygnotus hiemalis Forbes (fig. 11), per- 
haps the most useful of any in this country. 


° 


Fie. 11.—Polygnotus hiemalis, much enlarged (original). 


is owing to this more than to any other influence that the Hessian fly 


is now being held in check in the 
spring wheat regions of the North- 
west. Perhaps the next most useful 
parasite is Hupelmus allynii French 
(figs. 12, male, and 13, female). This 
is generally distributed over the 
country and affects both the Hessian 
fly and the joint-worm. It is larger 
than the preceding; the body is black, 
with a greenish luster, and the legs 
are more or less yellow. A/erisus 
destructor Say (fig. 14) occurs in 
Europe, England, and America, but 
not in such profusion with us as to 


afford the same relief to the farmer as in the case of the two preceding, | 


Fig. 13.—Eupelmus allynii: Female, much enlarged 
(from Riley). 


in some individuals, while others are fully winged. 
thorax are of a dark greenish metallic luster, and the legs honey- | 


It is very minute, and | 
Mr. Reeves has count-_ 
ed over forty of the | 
larvee within a single - 
flaxseed. It is black, 
with yellow feet, and 
the legs are darkj 
brown, banded with) 
yellow. The writer 
has again and again - 
reared this in great 
numbers from fall” 
wheat infested by the- 
fly and witnessed the 
sudden check — sus- | 
tained by the pest the 
following spring. It 


Fig. 12.—Eupelmus allynu: Male, much en- } 
larged (from Riley). 


It also is black, but with a bluish | 
ereen metallic reflection, and the 
legs are black, banded with yel- | 
low. Platygaster herrickiz Pack. | 
(fig. 15) is very minute, shining 
black in color, and is supposed | 
by many to attack the egg of the | 
fly, but there is still some doubt 
regarding this. Baotomus sub-| 
apterus Riley (fig. 16}, as the 
name implies, has aborted wings | 


The head and 


hoi 


allow. It is generally less abundant than some of the others, but 
»metimes individuals are quite numerous. Besides these, several 
ndescribed species have been 
scorded from the northwestern 
art of the country. The influ- 
face of these minute parasites in 
sculating the world’s wheat sup- 
‘ly is not at all understood, and it ES 
s doubtful if wheat could be suc- Vf 
essfully raised were they all to be fa 

addenly swept out of existence. ‘ | 


REMEDIAL AND PREVENTIVE 
MEASURES. Fig. 14.—Merisus destructor, much enlarged (from 

Of remedies there is little to be ae 
‘hid, since after the pest becomes established in a field it can not be 
| Oe a reached by any measure likely 
hy } to destroy it. The application 
\ i} y broadcast of some. quick-acting 
aes A i fertilizer containing a large 
an = = percentage of phosphate, made 
1: \ all as soon as general infestation 
is apparent (see fig. 10), will 
cause the plants to tiller more 
freely and give them sufficient 
vigor to withstand the winter, 
and thus increase the number 
1G. 15.—Platygaster herrickii, much enlarged (from Of healthy stems the following 
Bley): spring. Any other means that 
‘ould be employed having a similar effect would be a remedial measure. 
All practical measures must necessarily be 
n the nature of preventives, looking (1) to the 
‘limination of the pest in the young wheat in 
the fall, and (2) to the increasing of the vigor 
of the young plants in order to enable them 
‘© counteract the insect’s effect, when present. 
Jnder the first come late sowing, rotation of 
“rops, burning of the old stubble, and the de- 
struction of volunteer wheat. Under the sec- 
ond should be classed the enrichment of the 
soil, its thorough preparation, and selecting 


ind properly sowing the best seed. 
| 


a 


LATE SOWING. 


By late sowing as here recommended is meant 
mmcerately late sowing of fall wheat in any 6. 16.—Baviomus subapterus, 
3 “ = ; . much enlarged (from Riley). 
locality, for extremely late sowing, which has 
sometimes been advised, would be even worse than early sowing. ‘The 
later appearance of the fly in the fall, as we pass from the north south- 
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ward, has already been explained. At present the Bureau of Ento- 

mology is conducting experiments in fall wheat sowing in nine States, 

covering approximately the country between latitude 33° and 46°, 

Here wheat is being sown every ten days during September, Octo- 

ber, and November, year after year, with the expectation of determin- 

ing the approximate date of safety for seeding in the fall to evade 
attack of the fly. While these experiments have not been going on 

for a long enough time to give results sufficiently definite, covering 
all variations in the weather during these months, it is safe to say that 
wheat may probably be sown, without danger from Hessian fly attack, 
in northern Michigan soon after the first of September; in southern 
Michigan and northern Ohio, about September 20; in southern Ohio, 

after the first week in October; in Kentucky and Tennessee, October 
10 to 20; in Georgia and South Carolina, October 25 to November 15, 
So far these dates are only approximate, and serve to show ina general 
way about the time when the fall brood of the fly will have largely disap- 
peared over the wheat belt east of the Mississippi River. As the: 
larger part of the fall brood appears and is gone within a week, it is 
possible for a farmer to so time his seeding as to avoid it, and this is 
by far the most practical and effective preventive measure that can be 
applied. 


CROP ROTATION. 


Aside from the general benefits to be derived from crop rotation, it 
compels the Hessian fly, when it emerges from the stubble in the fall 
(or spring in the Northwest) to travel a greater or less distance to 
reach young wheat plants. 

If, during this season of migration, storms or heavy winds occur, 
these frail creatures will be driven about or beaten down until a com- 
paratively small number survive to reach their destination. On the 
other hand, if they are not obliged to leave the field where they 
emerge, this mortality will be vastly lessened. 


BURNING STUBBLE. 


This is the most efficient measure of all, as fire will reach and 
destroy not only the Hessian fly but all other insects infesting the 
stubble, including the joint-worm. Unfortunately, it can not be gen- 
erally carried out. Over a large portion of the Middle West timothy 
and clover are sown, either with the wheat or during late winter or 
early spring, and therefore stubble-ground can not be burned over. 
Fields not followed by grass or clover can usually be burned over if 
the grain is cut rather high at harvest and a mower is run over the 
field and the mown grass, weeds, and stubble allowed to dry for a few 
days just before the burning. This is much the more feasible measure 
in the Northwest, and ought to be more generally followed. 
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DESTRUCTION OF VOLUNTEER WHEAT. 


Perhaps the importance of this measure is best illustrated by the 
,ondition frequently observed in fields of young wheat in the fall, 
vhere every volunteer plant is infested and the sown grain is entirely 


| 


sree from attack. The volunteer plants were above ground in time 


itself. Thus the growth of volunteer plants menaces, to a certain 
ylegree, the crop of the following year, precisely as does a field sown 
00 el more seriously menace adjoining fields that are uninfested 
: in the fall. This destruction of volunteer plants by plowing, disking, 

lor otherwise must take place before the larve have matured in onaen 
‘0 be effective. 


ENRICHING THE SOIL. 


While it may seem ‘‘ far fetched” to bring forward as a preventive 
Measure the enrichment of the soil, a fertile soil will produce plants 
shat will withstand with little injury attacks that will prove disastrous 
=o plants growing on an impoverished or thin soil. This is because a 
‘fertile soil will enable an infested plant to tiller freely, and these tillers 
jwill have sufficient vitality to withstand the winter and send up head- 
producing stems in the spring. It is also chiefly on the thin or impoy- 
jerished soils that the difficulty of sowing late enough to evade the fall 
attack and at the same time secure a growth sufficient to withstand 
ithe winter is encountered, and whatever can be done to obviate this 
difficulty will constitute a preventive measure. 


PROPER PREPARATION OF THE SOIL. 


It matters little whether a soil has much or little fertility if that 
ifertility is bound up in clods or hard lumps out of reach of the root- 
lets of the young plants. Early plowing and thorough working and 
| ee mpacting of the soil will pene the lumps and clods and VBE oduce a 


yas soon as Pootlats are sere out frou fhe seed lao the shoot mal 
}begin to draw nourishment. This will give vigor to the plants and 
| thus enable them, by freely tillering, to outgrow a light attack of the 
i fly that otherwise might prove serious. 


THE USE OF GOOD SEED. 


\until these can begin to draw from the soil and thus support the stem, 
it will be seen at once that any deficiency in the seed will necessarily 
, tend to weaken the plant at the very beginning of its existence. Thus 
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eood seed becomes the first requisite in securing the healthy, vigorous 
plant that is to be further strengthened and sustained by a well- 
prepared, fertile soil. It is very clear, then, that all shrunken, 7 
dwarfed, or otherwise imperfect kernels should be cleaned out of the — 
seed before it is sown and only the largest and most perfect retained. — 


CONCLUSION. 


Methods for controlling the Hessian fly, the worst pest of the wheat 
field, in the fall wheat growing sections, may be summarized as fol- | 
lows: Sow the best of seed in thoroughly prepared, fertile soil after — 
the major portion of the fall brood has made its appearance and passed © 
out of existence, and, if possible, sow on ground not devoted to wheat 
the preceding year. 

In the spring-wheat section late seeding will not apply. It seems 
likely, on the contrary, that the earlier it is sown in spring the less it 
will suffer from the Hessian fly. But good seed and a well-prepared, 
fertile soil are as essential there as elsewhere. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WasuHineton, D. C., April 14, 1906. 
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HOUSE FLIES. 


(Musca domestica et al.) 


By L. O. Howarp. 


There are several species of flies which are commonly found in houses, 
‘although but one of these should be called the house fly proper. This 
jis the Musca domestica L. (fig. 1) and is a medium-sized, grayish fly, 
-with its mouth parts spread out at the tip for sucking up liquid sub- 
‘stances. It breeds in manure and dooryard filth and is found in nearly 


| 
vail parts of the world. On account of the conformation of its mouth 


Fig. 1.—Common house fly (Musca domestica): Puparium at left; adult next; larva 
and enlarged parts at right. All enlarged (author’s illustration). 


parts, the house fly can not bite, yet no impression is stronger in the 
minds of most people than that this insect does occasionally bite. This 
impression is due to the frequent occurrence in houses of another fly 
(Stomoxys calritrans L.) (fig. 2), which is called the stable fly, and 
which, while closely resembling the house fly (so closely, in fact, as 
to deceive anyone but an entomologist), differs from it in the important 
particular that its mouth parts are formed for piercing the skin. It is 
perhaps second in point of abundance to the house fly in most portions 
of the Northeastern States. 

A third species, commonly called the cluster fly (Pollenia rudis Fah.). 
is a very frequent visitant of houses, particularly in the spring and fall. 
This fly is somewhat larger than the house fly, with a dark-colored, 
smooth abdomen and a sprinkling of yellowish hairs. It is not so active 
as the house fly and, particularly in the fall, is very sluggish. At such 
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times it may be picked up readily and is very subject to the attacks of 
a fungous disease which causes it to die upon window panes, surrounded 
by a whitish efflorescence. Occasionally this fly occurs in houses in 
such numbers as to cause great annoyance, but such occurrences are 
comparatively rare. 

A fourth species is another stable fly, known as Muscina stabulans 
Fall. (fig. 3), a form which almost exactly resembles the house fly in 
general appearance, and which does not bite as does the biting stable 
fly. It breeds in decaying vegetable matter and in excrement. 

Several species of metallic greenish or bluish flies are also occasion- 
ally found in houses, the most abundant of which is the so-called blue- 
bottle fly (Calliphora erythrocephala Meig.). This insect is also called 
the blow-fly or meat-fly and breeds in decaying animal material. A 
smaller species, which may be called the small blue-bottle fly, is Phormia 
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FIG. 2.—Stomoxys calecitrans: Adult, larva, puparium, and details. All enlarged (author’s 
illustration). 


terrenove Desy. (fig. 4); and a third, which is green in color and about 
the size of the large blue-bottle, is Lucilia cesar L. (fig. 5). 

There is still another species, smaller than any of those so far men- 
tioned, which is known to entomologists as Homalomyia canicularis L., 
sometimes called the small house fly. A related species, H. brevis 
Rond., is shown in figure 6. H. canicularis is distinguished from ‘the 
ordinary house fly by its paler and more pointed body and conical 
shape. The male, which is much commoner than the female, has large 
pale patches at the base of the abdomen, which are translucent when 
the fly is seen on a window pane. It is this species that is largely 
responsible for the prevalent idea that flies grow after gaining wings. 
Most people think that these little Homalomyias are the young of the 
larger flies, which, of course, is distinctly not the case. 

Still another fly, and this one is still smaller, is a jet-black species 
known as the window fly (Scenopinus fenestralis L.), which in fact has 
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become more abundant of later years. It breeds in the dust under 
carpets, and its larva is a white, very slender, almost thread-like creature. 

In the autumn, when fruit appears on the sideboard, many specimens 
of a small fruit-fly (Drosophila ampelophila Loew) (fig. 7) make their 
appearance, attracted by the odor of 
overripe fruit. : 

A small, slender fly is not infrequently 
seen in houses, especially upon window 
panes. This is Sepsis violacea Meig., 
shown enlarged in figure 8. 

All of these species, however, are 
greatly dwarfed in numbers by the com- 
mon house fly. In 1900 the writer made 
collections of the flies in dining rooms 
in different parts of the country, and out 
of a total of 23,087 flies 22,808 were 

Musca do- 


: Fig. 3.—Muscina  stabulans, enlarged 
mestirca ; (author’s illustration). 


that is,98.8 

per cent of the whole number captured. 
The remainder, consisting of 1.2 per cent 
of the whole, comprised various species, 
including those mentioned above. 


LIFE HISTORY OF THE TRUE HOUSE FLY. 


Musca domestica commonly lays its eggs 
upon horse manure. This substance seems 


to be its favorite larval food. It will ovi- 


Fig. 4.—Phormia terrenove, enlarged posit on 
(author’s illustration). 


cow ma- 
nure, but we have not been able to rear 
it in this substance. It will also breed 
in human excrement, and from this 
habit it becomes very dangerous to the 
health of human beings, carrying, as 
it does, the germs of intestinal dis- 
eases such as typhoid fever and cholera 
from excreta to food supplies. It will 
also lay its eggs upon other decaying 
vegetable and animal material, but of 
the flies that infest dwelling houses, Rs. ’ 
Z te Fia. 5.—Iaecilia cesar, enlarged (author’s 

both in cities and on farms, a vast illustration). 

proportion comes from horse manure. 

At Salem, Mass., Packard states that he bred a generation in four- 
teen days in horse manure. The duration of the egg state was twenty- 
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four hours, the larval state from five to seven days, and the pupal state 
from five to seven days. At Washington the writer has found in mid- 
summer that each female lays about 120 eggs, which hatch in eight 
hours, the larva period lasting five days and the pupa five days, making 
the total time for the development of the generation ten days. This was 
at the end of June. The periods of development vary with the climate 
and with the season, and the insect hibernates in the puparium condi- 
tion in manure or at the surface of the ground under a manure heap. 
It also hibernates in houses as adult, hiding in crevices. 

The Washington observations indicate that the larve molt twice, 
and that there are thus three distinct larval stages. 

The periods of development were found to be about as follows: Egg 
from deposition to hatching, one-third of a day; hatching of larva to 
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Fic. 6.—Homalomyia brevis: Female at left; male next, with enlarged antenna: larva at right. 
All enlarged (author’s illustration). 

first molt, one day; first to second molt, one day; second molt to pupa- 

tion, three days; pupation to issuing of the adult, five days; total life 

round, approximately ten days. There is thus abundance of time for 

the development of twelve or thirteen generations in the climate of 

Washington every summer. 

The number of eggs laid by an individual fly is undoubtedly large, 
averaging about 120, and the enormous numbers in which the insects 
occur is thus plainly accounted for, especially when we consider the 
abundance and universal occurrence of appropriate larval food. In 
order to ascertain the numbers in which house-fly larvee occur in horse- 
manure piles, a quarter of a pound of rather well-infested horse manure 
was taken on August 9, and in it were counted 160 larve and 146 
puparia. This would make about 1,200 house flies to the pound of 
manure. This, however, can not be taken as an average, since no larve 
are found in perhaps the greater part of ordinary horse-manure piles. 
Neither, however, does it show the limit of what can be found, since 
about 200 puparia were found in less than 1 cubic inch of manure taken 
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from a spot 2 inches below the surface of the pile where the larve had 
congregated in immense numbers. The different stages of the insect 
are well illustrated in figure 1 and need no description. 


REMEDIES AND PREVENTIVES. 


A careful screening of windows and doors during the summer months, 
with the supplementary use of sticky fly papers, is a preventive measure 
against house flies known to everyone, and there seems to be little 
hope in the near future of much relief by doing away with the breeding 
places. A single stable in which a horse is kept will supply house flies 
for an extended neighborhood. People living in agricultural commu- 
nities will probably never be rid of the pest, but in cities, with better 
methods of disposal of garbage and with the lessening of the number 
of horses and horse stables consequent upon electric street railways, 
bicycles, and automobiles, the time may come, and before very 


Fic. 7.— Drosophila ampelophila: a, adult; b, antenna of same; c, base of tibia and first tarsal 
joint of same; d, puparium, side view; e, puparium from above; f, full-grown larva; g, anal 
spiracles of same. All enlarged (author’s illustration). 

long, when window screens may be discarded. The prompt gathering 
of horse manure, which may be variously treated or kept in a specially 
prepared receptacle, would greatly abate the fly nuisance, and city ordi- 
nances compelling horse owners to follow some such course are desir- 
able. Absolute cleanliness, even under existing circumstances, will 
always result in a diminution of the numbers of the house fly, and, in 
fact, most household insects are less attracted to the premises of what 
is known as the old-fashioned housekeeper than to those of the other 
kind. 

During the summer of 1897 a series of experiments was carried out 
with the intention of showing whether it would be possible to treat a 
manure pile in such a way as to stop the breeding of flies. The writer’s 

“experience with the use of air-slaked lime on cow manure to prevent 
the breeding of the horn fly suggested experimentation with different 
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lime compounds. It was found to be perfectly impracticable to use air- 
slaked lime, land plaster, or gas lime with good results. Few or no 
larvee were killed by a thorough mixing of the manure with any of 
these three substances. Chlorid of lime, however, was found to be an 
excellent maggot killer. Where 1 pound of chlorid of lime was mixed 
with 8 quarts of horse manure, 90 per cent of the maggots were killed 
in less than twenty-four hours. At the rate of a quarter of a pound of 
chlorid of lime to 8 quarts of manure, however, the substance was 
found not to be sufficiently strong. Chlorid of lime, though cheap in 
Europe, costs at least 84 cents a pound in large quantities in this 
country, so that the frequent treatment of a large manure pile with 
this substance would be out of the question in actual practice. 
Experiments were therefore carried on with kerosene. It was found 


Fria. 8.—Sepsis violacea: Adult with enlarged antenna atright; puparium 
at left. All enlarged (author’s illustration). 


that 8 quarts of fresh horse manure sprayed with 1 pint of kerosene, 
which was afterwards washed down with 1 quart of water, was thor- 
oughly rid of living maggots. Every individual was killed by the 
treatment. This experiment and others of a similar nature on a small 
scale were so satisfactory that it was considered at the close of the 
season that a practical conclusion had been reached, and that it was 
perfectly possible to treat any manure pile economically and in such a 
way as to prevent the breeding of flies. . 

Practical work in the summer of 1898, however, demonstrated that 
this was simply another case where an experiment on a small scale 
has failed to develop points which in practical work would vitiate the 
results. 

The stable of the U. S. Department of Agriculture, in which about 
twelve horses are kept, is situated about 100 yards behind the main 
building of the Department and about 90 yards from the building in 
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_ which the Bureau of Entomology is situated. This stable has always 
_ been very carefully kept. The manure was thoroughly swept up every 
morning, carried outside of the stable, and deposited in a pile behind 
the building. This pile, after accumulating for a week or ten days, or 
sometimes two weeks, was carried off by the gardeners and spread 
upon distant portions of the grounds. At all times in the summer this 
manure pile swarmed with the maggots of the house fly. It is safe to 
say that on an average many thousands of perfect flies issued from it 
every day, and that at least a large share of the flies which constantly 
bothered the employees in the two buildings mentioned came from this 
source. 

On the basis of the experiments of 1897, an attempt was made, 
beginning early in April, 1898, to prevent the breeding of house flies 
about the Department by the treatment of this manure pile with kero- 
sene. The attempt was begun early in April and was earried on for 
some weeks. While undoubtedly hundreds of thousands of flies were 
destroyed in the course of this work, it was found by the end of May 
that it was far from perfect, since if used at an economical rate the kero- 
sene could not be made to penetrate throughout the whole pile of 
manure, even when copiously washed down with water. A considerable 
proportion of house-fly larvee escaped injury from this treatment, which 
at the same time was found, even at an economical cost, to be laborious, 
and such a measure, in fact, as almost no one could be induced to prac- 
tically adopt. 

There remained, however, another measure which had been suggested 
by the writer in an article on the house fly published in 1895, namely, 
the preparation of an especial receptacle for the manure, and this was 
very readily accomplished. A closet 6 by 8 feet had been built in the 
corner of the stable nearest the manure pile. It had a door opening into 
the stable proper, and also a window. A door was built in the outside 
wall of this closet, and the stablemen were directed to place no more 
manure outside the building; in other words, to abolish the outside 
manure pile, and in the future to throw all of the manure collected each 
morning into this closet, the window of which in the meantime had 
been furnished with a wire screen. The preparations were completed 
by the middle of June, and a barrel of chlorid of lime was put in the 
corner of the closet. Since that time every morning the manure of the 
stable is thrown into the closet, and a small shovelful of chlorid of 
lime is scattered over it. At the expiration of ten days or two weeks 
the gardeners open the outside door, shovel the manure into a cart, and 
carry it off to be thrown upon the grounds. 

Judging from actual examination of the manure pile, the measure is 
eminently successful. Very few flies are breeding in the product of the 
stable which formerly gave birth to many thousands daily. After this 
measure had been carried on for two weeks, employees of the Depart- 
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ment who had no knowledge of the work that was going on were asked 
whether they had noticed any diminution in the number of flies in their 
offices. Persons in all of the offices on the first floor of the two build- 
ings were asked this question. In every office except one the answer 
was that a marked decrease had been noticed, so that the work must be 
considered to have been successful. 

The account of this remedial work has been given with some detail, 
since it shows so plainly that care and cleanliness combined with such 
an arrangement as that described will in an individual stable measur- 
ably affect the fly nuisance in neighboring buildings. 

With the combined efforts of the persons owning stables in a given 
community, much more effective results can undoubtedly be gained. 

In the consideration of these measures we have not touched upon the 
remedies for house flies breeding in human excrement. On account of 
the danger of the carriage of. typhoid fever, the dropping of human 
excrement in the open in cities or towns, either on vacant lots or in 
dark alleyways, should be made a misdemeanor, and the same care 
should be taken by the sanitary authorities to remove or cover up such 
depositions as is taken in the removal of the bodies of dead animals. 
The box privy is always a nuisance from many points of view and is 
undoubtedly dangerous as a breeder of flies which may carry the germs 
of intestinal disease. No box privies should be permitted to exist unless 
they are conducted on the earth-closet principle. With a proper vault 
or other receptacle, closed except from above, and a free use of fine 
earth, the breeding of house flies can be prevented. Covering the sur- 
face with lime, however, is more certain than the use of earth. The 
writer has seen, in a large camp of volunteer soldiery, unprotected sinks 
in which the house fly was breeding by the thousands. He has also 
seen permanent camps in which the sinks were so constructed and so 
treated with lime that no house flies whatever were present. 

A Parisian journal, the Matin, during the winter of 1905-6, estab- 
lished a prize of 10,000 franes for the best essay on the destruction 
of the house fly. The jury of competent scientific men awarded the 
prize to the author of a memoir in which it was proposed to use residuum 
oil in the destruction of the eggs and larve of the fly. This oil is to be 
used in privies and cesspools. Two liters per superficial meter of the 
pit is mixed with water, stirred with a stick of wood, and then thrown 
into the receptacle. It is said to form a covering of oil which kills all 
the larvee, prevents the entrance of flies into the pit and, at the same 
time, the hatching of eggs. It makes a protective covering for the 
excrement, and this is said to hasten the development of anaerobic bac- 
teria as in a true septic pit, leading in this way to the rapid liquefaction 
of solid matters and rendering them much more unfit for the development 
of other bacteria. For manure it is reeommended to mix this residuum 
oil with earth, with lime, and with phosphates, and to spread it at 
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f different times, in the spring by preference, upon the manure of farms 
‘and stables and so on. 

; Practical experimentation with this proposed remedy will be under- 
‘taken the coming spring in France. 


‘ 
NATURAL ENEMIES. 


The house fly has a number of natural enemies. The common 
house centipede (fig. 9) destroys it in considerable numbers, there is a 
small reddish mite which frequently covers its body and gradually 
destroys it, it is subject to the attacks of hymenopterous parasites in its 
larval condition, and it is destroyed by predatory beetles at the same 
time. 

The most effective enemy, however, is a fungous disease known as 
Empusina musce, which carries off flies in large numbers, particularly 
toward the close of the season. The epidemic ceases in December, 
and although many thousands are killed by it, the remarkable rapidity 


Fig. 9.—Scutigera forceps: Adult, natural size (after Marlatt). 


of development in the early summer months soon more than replaces 
the thousands thus destroyed. 


WHAT CITIES AND TOWNS CAN DO. 


It would appear, from what we know of the life history of the common 
house fly and from what remedial experimentation has already been car- 
ried on, that it is perfectly feasible for cities and towns to so greatly 
reduce the numbers of these annoying and dangerous insects as to ren- 
der them of comparatively slight account. The health departments of 
most of our cities have the authority to abate nuisances dangerous to 
health, and it is easy for the health authorities of any city to formulate 
rules concerning the construction and care of stables and the keeping 
and disposal of manure which, if enforced, will do away with the house- 
fly nuisance. Such a series of rules was formulated in the spring of 
1906 by the Health Department of the city of Asheville, N. C., and an 
effort is being made during this summer to see that they are enforced. 
On the 3d of May, 1906, the Health Department of the District of 
Columbia also issued a series of orders of this nature, on the authority 
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of the Commissioners of the District, and these orders, which may well 
serve as a model to other communities desiring to undertake similar 
measures, may briefly be condensed as follows: 

All stalls in which animals are kept shall have the cues of the 
ground covered with a water-tight floor. Every person occupying a 
building where domestic animals are kept shall maintain, in connection 
therewith, a bin or pit for the reception of manure, and, pending the 
removal from the premises of the manure from the animal or animals, 
shall place such manure in said bin or pit. This bin shall be so con- 


structed as to exclude rain water, and shall in all other respects be 


water-tight except as it may be connected with the public sewer. It 
shall be provided with a suitable cover and constructed so as to prevent 
the ingress and egress of flies. No person owning a stable shall keep 
any manure or permit any manure to be kept in or upon any portion of 
the premises other than the bin or pit described, nor shall he allow any 
such bin or pit to be overfilled or needlessly uncovered. Horse manure 
may be kept tightly rammed into well-covered barrels for the purpose 
of removal in such barrels. Every person keeping manure in any of 
the more densely populated parts of the District shall cause all such 
manure to be removed from the premises at least twice every week 
between June 1 and October 31, and at least once every week between 
November 1 and May 31 of the following year. No person shall remove 
or transport any manure over any public highway in any of the more 
densely populated parts of the District except in a tight vehicle which, 
if not inclosed, must be effectually covered with canvas, so as to pre- 
vent the manure from being dropped. No person shall deposit manure 
removed from the bins or pits within any of the more densely populated 
parts of the District without a permit from the health officer. Any per- 
son violating any of the provisions shall, upon conviction thereof, be 
punished by a fine of not more than $40 for each offense. 

As with all such measures, the test comes with the enforcement, and 
during the present summer these regulations have not been well enforced, 
owing to the extremely small corps of inspectors allowed to the Health 
Department, and to other more pressing work. They can be made 
effective, however, and it is earnestly hoped that not only Washington 
but other communities as well will very soon be brought to a realization 
of the ease of house-fly eradication and its very great desirability. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., September 21, 1906. 
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CIRCULAR NO. 72. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


KEY TO THE KNOWN LARVE OF THE MOSQUITOES OF THE 
UNITED STATES.! 


By HARRISON G. DYAR. 


. Larvee without a distinct air tube, the air hole with flaps but no elongated 


sides ; floating at surface of water in a horizontal position. The malaria 


CRINGE). LS e Se Ae ee SG a ee Subfamily ANOPHELINE____ 3 
Larvee with a distinct elongated air tube; floating below the surface of water, 
Hoaheooucuely.smanoime bythe tube 62. 222-8. 2 ee 2 

. The last segment, beyond the air tube, with a ventral brush or rudder in the 
middle of the segment behind _______________ Subfamily CULICINA____ 6 
Last segment without a median brush, the hairs paired on the two sides, 
moneron mid-ventralelune (22. 8255 2s a Subfamily SABETHINA. 


Only one species, in leaves of pitcher plants in cold bogs. 
Wyeomyia smith Coquillett. 


. Abdomen with plumose lateral hairs on the first three segments only; head 


“CPLLLL DFO DE VSS] OF SIN SaaS a aR eS ta I a ty 4 
Abdomen with plumose hairs to the sixth segment; head without plumose 
bainse. Wives-in hollow trees 2... ._.._-.- Anopheles barbert Coquillett. 


. Lateral comb (on the eighth segment below the air hole) with one long lower 


tooth followed by four little ones ____ Anopheles franciscanus McCracken. 
Lateral comb with one long lower tooth followed by three little ones. 

Anopheles punctipennis Say. 

Lateral comb with the lower long tooth followed by another as long or 

SEO en reer ee ds ee ee He ee 5 


. Lateral comb with the upper tooth short__ Anopheles maculipennis Meigen. 


Lateral comb with the upper tooth long___ Anopheles crucians Wiedemann. 
Mouth brush folded outward when not in use, not vibratile, used to seize 


prey only. Predaceous on other mosquito larvee________-._...____--__-=- i 
Mouth brush folding inward, tufted, vibratile, usually continually in motion. 
Feed on microscopic organisms and vegetable detritus ___.____________- 9 


. A plate on the side on the eighth abdominal segment. Only one species, 


living in hollow trees and water barrels; beneficial. 
Megarhinus portoricensis von Roder. 
A patch of small scales on the side of the eighth abdominal segment. Living 
in temporary puddles; beneficial species: 2__ oo ve. e 226 oan 8 


. Labial plate (mentum) of head with the teeth regular and alike. 


Psorophora ciliata Fabricius. 
Labial plate with the next to the basal tooth much enlarged. 
Psorophora howardii Coquillett. 


1The generic names here used have been made uniform with those of Technical Series No. 11, 
of this Bureau, to facilitate cross reference. In case of discrepancy in specific names, the names 
employed in that publication are given in footnotes, 


St : 
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9. Antenne with tuft outwardly placed, in a notch, the apical part of antenna 
slender; air tube long, over three times as long as wide_______________ 10 
Antenne with the tuft at or before the middle, the apical part not more 
slender; air tube usually shorter than three times its width ___________ 14 | 

10. Lateral comb of the eighth segment a patch of spines__________ _________ 1% 
Lateral comb of the eighth segment a row of bars ______________________ 16 
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head hairs. : ; 
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Fig. 1.—Diagram of a mosquito larva (Oulex salinarius), with names of the parts referred 
to in the key (original). 
11. Anal segment with a row of hairs along the ventral line to base; an early 
Spring species sli fo) Mare Aiea) Se Bee eee Culicella dyart Coquillett. 
Anal segment without any caren in front of the ventral brush 2 Jes 22seee 12 
12. Air tube with four paired tufts posteriorly outwardly, the subapical one 
moved sideways out of line.) | 2200) oS ee 13 


Air tube with four to ten paired tufts along the posterior line in a straight 
row, none displaced. -225.. ee Min wo cue eet nee eee 15 


5. 


16. 


a7. 


18. 


20. 


21. 


22. 


23. 


24, 


25. 


3 


. Air tube over five times as long as wide, nearly straight, without marked 


tapering; living in fresh-water pools, rain barrels, etc. 
Culex salinarius Coquillett. 
Air tube less than five times as long as wide, tapering rather rapidly after 
the middie somewhat fusiform in shapes. 220020220212 seb seu eee 14 


. Air tube five times as long as wide, its pecten of 15 teeth; subdorsal hairs of 


third and fourth abdominal segments double. Introduced domestic 
i Oh eta NL oe omens ween ie Sees he So ors SIR at edo Culex pipiens Linneeus. 
Air tube four times as long as wide, its pecten of nine teeth; subdorsal hairs 
of the third and fourth abdominal segments single. Southern domestic 


PASO es = eee Culex fatigans Wiedemann. ! 
Air tube slightly expanded at tip. Summer swamp mosquito. The adult 
DES TCU TPS ee es es a ee Culex territans Walker. 


Air tube evenly tapered to tip. Living in permanent pools all summer. 
Culex tarsalis Coquillett. 
Bars of comb in a perfectly regular row; skin smooth. MHibernates as fully 
grown larva in permanent pools____- Melanoconion melanurus Coquillett. 
Bars of comb in an irregular row; skin minutely pilose. 
Mochlostyrax erraticus Dyar and Knab.? 
Air tube strongly inflated; anal segment with a chitinous ring, pierced by a 


ZOmeGiatatesealone- ;heuyemeral line 22) ies) Th Sw) ed) ee See ee 18 
Air tube not inflated ; anal segment not ringed, or, if so, without tufts along 
ES STDP JMO ee 88 0s Bos TA BBs SP A Ap os Re ns le 20 
PSEA One yaAUC TpLOMmINeMtys 2 ate mic se oP A eh 19 


Antenne less long, moderate only. Developing rapidly in rain puddles. 
Grabhamia gamaicensis Theobald. 


. Lateral comb of the eighth segment of six or seven nearly equal teeth. 


Developing rapidly in rain puddles__ Janthinosoma sayi Dyar and Knab.* 
Lateral comb of the eighth segment of five teeth, the upper and lower 
SNS ined NE cea Fe gOS Ya OO Deere ce se Janthinosoma varipes Coquillett. 
Antenne inflated and bent. Rapidly developing in rain puddles. 
Grabhamia discolor Coquillett. 
Anrennic not markedly inflated or bent. 202022220 202) 2. Sent ee 21 
Head with a lateral prominent angle which receives a process on the man- 
dible. In crab holes on the Florida coast__ Detnocerites cancer Theobald. 


Picagewihpoutesuchtameameless Faeroe ho ee 22, 
Meadawinn pick clulb-like hairs<. 6.2523. 225220.ul 208. Genus Uranotenia.4 
Mev wwinche usualine hairs only... is Ps oes et tl 28 


Air tube without pecten; several chitinous plates on the abdominal seg- 
ments. In hollow trees and rain barrels__Pneumaculex signifer Coquillett. 
Air tube with pecten ; abdominal segments without any plates before the 
SL WES: scot ae ee te Bee eae ED Seed ce rape eee Si a ee 24 
Air tube bottle-shaped, the outer half linear. 
Taniorhynchus perturbans Walker. 


PRISE Teo Marat aperceins 2220 iG tyipeil nr Ml Pi cajenius us ae oe ve ok 25 
Air tube with a row of hairs beyond the pecten, the pair of tufts at base of 
WO Geeta” lee 7 ees Se os Re De Boho) De ie ee 26 
Air tube without a row of hairs; the tuft at or beyond the middle of the 
Sines eeeeemnmeen eens wee ae cent Spee ith) eee tee Te ti Sie te 28 


1 Culex pipiens (in part). Not the true fatigans of India, but so called by Theobald. ‘he proper 
hame of our species appears to be Culex cubensis Bigot. ; 

2 Melanoconion atratus (in part). 

3 Janthinosoma posticata. 

4 Three species differentiated by minute characters. Only one species is at all common, Ura- 
notenia sapphirina Osten-Sacken. 


| 


4 

26. Lower head tuft with three long hairs, the upper multiple. In permanent 
water, with a northern distribution.____________ Culiseta absobrinus Felt. 
Lower and, upper head ‘tuits. alike; multiple). 23).52.2°%)5 2 ee ee 2a 

27. Basal pecten teeth of the air tube with one branch. In pools, barrels, etc., 
with. western .distribution.. #2. 52 22 seasse Theobaldia incidens Thomson. 
Basal pecten teeth of air tube with several branches. In pools, with eastern 
and southern distribution _______________- Culiseta consobrinus Desvoidy. 

28. Air tube: with several ‘hair tufts. .._22) 2.08 224 a 29 
Air tube with only one pair of -tuits:_52222 2: es) Se ee eee eee 30 

29. Air tube long; anal segment with a complete ring. Living in pools and 
rain barrele\.-ei)_ - shel’ ns oso 8 ees See Culex restuans Theobald. 


Air tube short; anal segment not fully ringed. An early spring species. 
Ochlerotatus trichurus Dyar.}! 


30. Air tube with ithechair tuft within the pecten.) 2222.5) Sie eee nee 31 
Air tube with the hair tuit. beyond the pectem —2_ 2... __. 5 = see 3a 
31... Anal. segment) ringed) with a horny plates. 2 es ee See 32 


Anal segment not ringed. In pot holes in rocks. 
Ochlerotatus atropalpus Coquillett. 
32. Lateral comb of the eighth segment a few scales in arow. In swamps, with 
avsouthern: distributione 2 5 eee Aédes tormentor Dyar and Knab.? 
Lateral comb of the eighth segment a large patch of scales. 
Ochlerotatus bimaculatus Coquillett. 
33. Pecten of the air tube with detached teeth outwardly ___________---___-- 34 
Pecten of the air tube with all the teeth evenly spaced _________--__--__- 38 
34. Air tube four times as long as wide; lateral comb of the eighth segment a 
patch of scales three rows deep. An early spring species. 
Ochlerotatus abfitchi Felt. 
Air tube three times as long as wide or less; lateral comb of the eighth 


segment of few scalesici_» 4 2. Shisetea_ aa ee ee ee 35 

35. Antenne enlarged basally; tuft rather beyond the middle. An early spring 
species). oiule erat, vei Rees eee _ Ochlerotatus aurifer Coquillett. 
Antenne moderate only; the tuft before the middle -___-_.--_---_---_-- 36 


36. The two rows of the pecten of the air tube approximate behind; dorsal plate 
of anal segment a saddle only. An early spring species. 

Ochlerotatus impiger Walker. 
The two rows of pecten well separated; dorsal plate more than half encir- 
cling the anal segment __..-) _ =. . 50 ee a eee 37 

37. Tuft of the tube before the outer third; anal gills blunt. In rain puddles. 
Ochlerotatus sylvestris Theobald. 
Tuft of tube beyond the outer third; anal processes pointed. In rain puddles. 
Aédes fuscus Osten-Sacken. 


38. Comb scales few, in a single or irregularly single row _--__- Sees pes ee te 39 
Comb scales more numerous to many, in a patch____--_-.-------- ------ 43 

39. Anal segment-ringed: by‘themplate: !-.-27_- 2322 sae eee 40 
Anal segment not completely ringed by the plate ____--.-..------------- 42 

40, Anal: gills moderate, normalias+ 2) bees ees nf Se eos ei wee te = 41 
Anal gills very long with stout central trachea. In pools, not coming to the 
surface; distribution southern __________- Ochlerotatus dupreei Coquillett. 

41. Pecten of air tube running about one-third; anal segment not longer than 
wide: -An early spring species “2 2_""=2— 2 Ochlerotatus punctor Kirby. 


Pecten of air tube running about one-half; anal segment longer than wide. 
Aédes atlanticus Dyar and Knab.? 


1 Ochlerotatus cinereoborealis. 
2 Ochlerotatus serratus (in part). 


47. 


48. 


49. 


50. 


51. 


53. 


54, 


56, 


5 


. Seales of the comb of the eighth segment smooth, bluntly rounded. In 


hollow trees and rain barrels ___________-_-- Ochlerotatus triservatus Say. 
Seales of comb sole-shaped with trifid apex. The yellow-fever mosquito. 
Stegomyia calopus Meigen. 


Peaneese “Ment: rinsed soyethe plated |x so je see oo te 44 


Anal segment not completely ringed by the plate ______________________- 50 


. Air tube over twice as long as wide, its pecten of 19 to 22 teeth ________- 45 


Air tube twice as long as wide or less, its pecten of 12 to 14 teeth _______ 48 


. Scales of the comb with the central spinule shorter than the body of the 


femme wpecten ortherair tube of equal teeth’ _.2_-__._--..-.- --2_- ee 46 
Seales of the comb with central spinule as long as the body of the scale; 
pecten of the air tube longer outwardly________- sees, es a a 47 


. Air tube two and one-half times as long as wide; comb scales moderate. 


The Atlantic coast salt-marsh mosquito _ Ochlerotatus sollicitans Walker. 
Air tube three times as long as wide; comb scales long. In rain puddles, 
with a southern distribution _______-_- eve Ue Ochlerotatus mitchelle Dyar. 
Air tube pecten reaching to beyond the middle of the tube; lateral comb of 
21 scales in nearly three rows _______- Ochlerotatus trivittatus Coquillett. 
Air tube pecten not reaching to the middle of the tube; comb of 17 scales 
in two imperfect rows. An early spring species. 
Ochlerotatus auroides Felt. 
Scales of the comb feathered on the sides, with central thorn. 
Aédes infirmatus Dyar and Knab.! 
Seales of the comb evenly feathered; no central thorn_________________.. 49 
Air tube one and one-half times as long as wide; pecten teeth broadly ellip- 
tical. In puddles along the Atlantic seaboard_ Ochlerotatus damnosus Say.” 
Air tube twice as long as wide; pecten teeth narrowly elliptical. An early 
SpRingespecioss- 2 222. sok U8 Ochlerotatus inconspicuus Grossbeck. 
Air tube four times as long as wide; trachez narrow, angled. An early 
SpPmMMonspeCiess. 8 a ass. oe ek Ochlerotatus fitchi Felt and Young. 
Air tube three times as long as wide or less____ OA, a CANBY EG OENS BSc oc 51 
Anal plate small; gills very large, sack like, spotted. 
Ochlerotatus varipalpus Coquillett. 
Anal plate over half encircling the segment; anal gills moderate or small_ 52 


. Comb scales tapered, a single median spinule stouter or larger than the 


ieee aa Sept aee ee eee) Yell eile AR Se te ee ee 53 
Comb scales bluntly rounded, the median spinule resembling the others__ 59 
Both of the hair tufts on the front of the head multiple_________________ 54 
The lower head tuft single or double (rarely three) __________._________- 56 


Subdorsal prothoracic hairs single. In temporary pools. 
Ochlerotatus canadensis Theobald. 
Ochlerotatus nivitarsis Coquillett. * 


Enipdonsalsprothoracic hairs multiple 62 en 55 

. Weakly colored; tufts of ventral brush short-stemmed. In puddles near 
the sea along the Atlantic coast _________ Ochlerotatus cantator Coquillett. 
Darkly colored ; tufts of the ventral brush long-stemmed. An early spring 
species in the Northwest ___.---__---___ Ochlerotatus pullatus Coquillett. 
ower head hair double.(or triple) 2.22. 2222 222. so Se ee eae On OE ae 57 


iewer head hair single 22 22.22.2022. 5). ee ee es Re a ee ee 58 


1 Ochlerotatus confirmatus (in part). 
2 Ochlerotatus teeniorhynchus. 
3 Imperfectly known. 


. Comb scales with lateral spinules as long as the apical one. An early spring 


6 


BO CRC Sint he Cet pi Es Se eae Aédes grossbecki Dyar and Knab.! 
Comb scales with the lateral spinules very short. An early spring species. 
Ochlerotatus pretans Grossbeck. 


58. Apical spinule of the comb scale sharp and distinct An early species in the 
North west 2.8 5 uu). Abita ae ib ea Rede tao Ochlerotatus estivalis Dyar. 
Apical spinule of comb scale not sharply distinct. An early spring species 
in the: Northeast 2% otis ae. s lh pees ee Ochlerotatus subcantans Felt. 
59. Anal gills moderately long. An early spring species in the Northeast. 
Ochlerotatus lazarensis Felt. 
Anal gills very short, bud-shaped. The Pacific coast salt-marsh mosquito. 
Aédes quaylei Dyar and Knab.? 
1 Lepidoplatys squamiger (in part). 
2 Ochlerotatus lativittatus. 
Approved : 


WASHINGTON, D. C., April 27, 1906. 2 


JAMES WILSON, 
Secretary of Agriculture. 
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ey THE PLUM CURCULIO. 


(Conotrachelus nenuphar Herbst.) 


By FRED JOHNSON and A. A. GIRAULT, 


Kngaged in Deciduous- Fruit Insect Investigations. 
INTRODUCTION. 


The small, crescent-shaped punctures so commonly found on plums 
and other stone fruits in orchards east of the Rocky Mountains are made 
by a small snout-beetle of rough sculpture, known as the plum curculi. 
These beetles issue from their winter quarters about the time the trees 
are in bloom, and feed on 
the tender foliage, buds, 
and blossoms. Later they 
attack the newly set fruit, 
cutting small cireular 
holes through the skin in 
feeding, whilethefemales, 
in the operation of egg 
laying, make the cres- 
centic cuts so character- 
istic of this species. The 


egg, deposited under the Fre. 1.—The plum eureulio (Conotrachelus nenuphar): a, larva; 


skin of the fruit, soon b, adult; c, pupa. Much enlarged (hair line to right of b 
indicates natural length of adult). (From Chittenden.) 


€ 


hatches into a very small 
whitish larva or grub, which makes its way into the flesh of the fruit. 
Here it feeds greedily and grows rapidly, becoming, in the course of a 
fortnight, the fat, dirty white “worm” so well known among fruit 
erowers, 

The plum curculio is a native of North America and for more than 
one hundred and fifty years has been known as an enemy of stone fruits. 
Our early horticultural literature abounds with references to its depre- 
dations. In more recent times the great increase in plantings of fruits, 
brought about to supply the increased demand, has permitted it to 
become much more abundant than formerly, and the plum curculio con- 
stitutes, at the present time, one of the most serious insect enemies of 
orchard crops. 

This species is quite generally distributed over the United States east- 
ward of about the one hundredth meridian, its range extending from 


2 


southern Canada. to Florida and Texas. Westward of the States bor- 
dering the Mississippi River, it rapidly loses its importance as a pest, 
owing, probably, to the more arid condition of the climate. 


LIFE HISTORY AND HABITS. 


Like other beetles, the plum curculio has four distinct stages in its 
life, namely, the egg, the larva or “‘ worm,’ the pupa, and the adult or 
beetle. The last three stages are shown much enlarged in figure 1. 

The insect passes the winter in the adult or beetle stage under accu- 
mulations of partly decayed leaves, among the closely packed dried 
grass of sod-covered orchards, and probably wherever suitable protection 
from the weather may be found. As its depredations are usually the 
worst in those portions of orchards which are in close proximity to 
woods, the beetles doubtless find the natural accumulations of rubbish 
in such situations very suitable places in which to pass the winter. 

In Niagara County, N. Y., during the fall 
of 1905, numerous careful searches for beetles 
were made under leaves and rubbish in plum, 
peach, and apple orchards, and woodlots and 
hedgerows adjoining them. These searches 
did not discover any hibernating beetles ex- 
cept in one large apple orchard where the 
ground was covered with sod. Failure to find 
beetles in other places was probably due to 
the scarcity of the insect in plum and peach 
orchards during the preceding summer. In 
the sod-covered apple orchard mentioned, a 
total of 42 beetles was found at various 
times between October 14 and November 
28. In every case they were beneath partly 
decayed leaves under apple trees and often 
Fig. 2.—The plum curculio: Adult fe- in depressions in the soil into which the 

male on plum, showing the eirecular 

feeding punctures and the crescen- leaves were closely packed. 

licege laying punctures. Enlarged In the spriis; whem the 100i, ome 

(original). ; ¥ R 

unfolding, the beetles begin to emerge 

from their winter quarters and feed to some extent on the blossoms 
and tender leaves. Mating soon begins, and by the time the fruit 
is well set the beetles make this fruit the chief object of their attention. 
Figure 2 is an enlarged illustration of a young plum, showing a female 
beetle and the characteristic feeding and egg-laying punctures which 
she has been engaged, with others,in making. The circular punctures 
are those made in feeding; the others are egg punctures. 

A single egg is deposited in a puncture, although several may be 
placed in a single fruit. From one to eight eggs may be deposited daily 
by an individual female. Oviposition and feeding continue for several 
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weeks and in the case of the hardier individuals may extend over a 
period of several months. Egg laying is, however, most active during 


the first four or five weeks after emergence of the beetles in spring. 


During recent years egg-laying records for the season, made in widely 
separated localities, show that the total number of eggs deposited by 
the female varies widely. In Maryland Professor Quaintance and Mr. 
R. I. Smith found that the number deposited in plums by females of 
longest life varied from 276 to 486. At Washington, D. C., the junior 
author during the past season obtained records of oviposition in plums 
which showed a range of from 273 to 560. <A record of egg deposition 
in plums was also made by the senior author in western New York 
during the same season, and this showed a range of from 76 to 254. 
Professor Crandall, in Illinois, obtained records for apples showing a 
range of from 18 to 252 for individuals of longest life. The number of 
days required for the eggs to hatch varies according to temperature. 
Records of the past season show that at Washington, D. C., the time 
varies from about three to five days, whereas in western New York 
it varies from about four to seven days. 

When the larva obtains full growth, which requires some twelve to 
eighteen days, it bores its way out of the fruit and enters the soil. At 
a depth varying from one-half inch to 2 inches, rarely much deeper, it 
forms an earthen cell in which to pupate. The time required for the 
pupal stage and the emergence of the normally colored beetle is from 
three to four weeks. Thus the period of development from egg to adult 
is covered in from about five to seven weeks. Differences in weather 
and soil conditions, however, cause the time of emergence of the adults 
to vary greatly. When the soil is very dry, the beetles may remain in 
the pupal cell for days or even weeks after their normal period of emer- 
gence, whereas after a heavy rain they may emerge in numbers. Thus 
a new generation of beetles from eggs deposited early in the season 
appears some time before all the parent beetles have died. In fact, 


some of the overwintering beetles have been kept alive until late in 


October. 

Upon emergence from the soil, beetles of the new generation almost 
immediately turn their attention to ungathered fruit, if this be present 
on the trees. In Georgia peach orchards, as observed by Mr. J. H. 
Beattie, of this Bureau, the beetles attack the foliage in cases where the 
fruit has been harvested. Prunes, plums, and peaches often suffer 
severely, and the injury is familiar to many orchardists as the circular 
punctures and pits made at the stem end of the fruits, causing the lat- 
ter to rot and drop off a few days before ripening. The work of the new 
generation of the curculio is conspicuous on late varieties of apples also, 
the beetles feeding upon these until the approach of cold weather, when 
they leave the trees and seek winter quarters. In orchards where sod 
and other conditions permit the accumulation of leaves and rubbish 
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directly beneath the trees many beetles simply go to the ground, work 
beneath the leaves, and there pass the winter, and are thus near at hand 
to attack the fruit when it develops the following spring. 


FOOD PLANTS. 


The natural food plant of the plum curculio is undoubtedly the native 
wild plum. The curculio also feeds upon and breeds in wild crabapples, 
wild cherries, and haws, and is reported to breed in the persimmon. It 
has also been bred from a common fungous growth of plums and cherries 
called “‘ black-knot’’ (Plowrightia morbosa Sacc.), though this is evi- 
dently an abnormal habit. Of the cultivated pome and stone fruits, 
nearly all are attacked for feeding and egg-laying purposes. including 
plums, peaches, cherries, nectarines, apricots, apples, and pears, but of 
those listed the smooth-skinned sorts, notably plums, are preferred. 
The beetle feeds also upon the blossoms and foliage of its various food 
plants, but to a much more limited extent. 


CHARACTER OF INJURY. 


The plum curculio is injurious in both 
the larval and adult stages, though it is 
in the adult stage that it is most harmful. 
The young fruit becomes badly scarred by 
the more or less crescentic egg punctures 
and pit-like feeding punctures, and in late 
summer and fall fruit is injured by the 
feeding of beetles of the new generation. 

The presence of the larva in the young 
pete ee pe se ee generally causes it to fall, and in 
plum curculio in a ripe peach, showing 
injury to the interior of the fruit. cherries and nearly ripe peaches - and 
See ett ae plums in which it may develop the fruit is 
spoiled. (See figure 8, showing injury of this character to a ripe peach. ) 
The character of injury varies somewhat according to the kind of fruit 
and for this reason is best discussed under separate headings. 

Plum.—The plum is undoubtedly the favorite food of this insect and 
accordingly suffers severe injury when the curculio is abundant. Eggs 
are deposited in the young fruit, and this may soon fall to the ground, 
aresult of injury caused by the young larvee. In seasons of short crops 
very little fruit may remain toripen. With varieties which are inclined 
to overbear in seasons of very heavy crops, however, this kind of work 
may result in much good by thinning the crop. As the fruit becomes 
larger the many egg and feeding punctures which it has received cause 
it to become misshapen and to exude masses of gum. When the plums 
become of some size and are growing rapidly, the larve are apparently 
not able to develop, but when the fruit is nearly mature and softer they 
are better able to survive, and thus ripe fruit on the trees is often 
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PF wormy. 


; In certain localities late varieties are sometimes badly 
‘injured by feeding punctures of the new generation of adults. 

| Apple.—Curculio injury to the apple has lately been the cause of con- 
‘siderable complaint. It is much like that done to the plum, though the 
‘young fruit is not so likely to fall to the ground when punctured, and 
‘the larvee are probably never able to mature in fruit which remains on 
the tree. The young fruit may largely outgrow the egg puncture, which 
may show in the ripe fruit as a brown and roughened, more or less 
-erescentic, spot which does not materially affect its value; but when 
‘badly punctured, especially by feeding of the beetles, the fruit as it 
‘grows becomes knotted and pitted. Fall and winter varieties may be 
‘seriously injured by the feeding upon the fruit of beetles of the new 
generation. 

Peach.—On account of the thick fuzzy pubescence on the young 
peach, this fruit is perhaps attacked less early than is the plum, but 
the character of the injury is essentially the same. Many fall to the 
ground. Those remaining on the trees, if badly punctured, become 
knotty and-misshapen and often exude masses of gum from the wounds. 
Such fruit will usually ripen prematurely. Ripe fruit which appears 
perfectly sound, but which contains nearly full-grown larvee, is often 
found on the trees. To all appearances such fruit is in first-class con- 
dition and is thus often shipped to market. 

Cherry.—In most cases infested cherries do not fall to the ground, 
the larve maturing in the fruit on the trees. Usually but a single larva 
is found in a fruit, and infestation is apt to go undetected. 

Apricot and nectarine.—These are usually injured in much the same 
Way as are plum and peach. Isolated trees loaded with apricots are 
often so badly infested that not a single fruit escapes. 

Pear.—Curculio larvee are apparently not able to develop in fruit on 
the trees, hence injury is confined to the egg and feeding punctures made 
by the adults when the pears are small. In fruit which does not fall 
the injury may be quite outgrown, but in cases of excessive puncturing 
the fruit is badly warped. 

NATURAL ENEMIES. 


Under the head of natural enemies are to be mentioned several para- 
sites of the plum curculio which play a very important role in holding 
the insect in check. Perhaps the most important of these is a minute 
hymenopterous insect belonging to the family Mymaride, which attacks 
the egg, although the latter is apparently well protected under the skin 
of the fruit. This insect is known by the scientific name Anaphes cono- 
tracheli Girault. It is now known to occur in Georgia, North Carolina, 
Virginia, Maryland, the District of Columbia, Kentucky, Connecticut, 
Texas, and Indian Territory, and is apparently quite abundant. Accord- 
ing to the few observations which have thus far been made, it destroys 
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in Maryland from 16 to 70 per cent of the eggs, and as the life cycle in | 
June was only nine days, several generations of this parasite must suc _ 
cessfully develop in the eggs of the plum curculio, thus increasing its 
efficiency. 

The other parasites attack the larva or grub. They are Sigalphus 
curculionis Fitch and its variety rufus Riley, and Thersilochus cono- 
tracheli Riley. The former is of much more importance than the latter 
because of its greater abundance. .It is a common parasite of several 
other coleopterous larvee and is quite widely distributed. Limited 
observations indicate that this parasite destroys about 20 per cent of 
the larvee of the plum curculio. Thersilochus conotracheli has not been 


\ TOS: N f 
eS RETA 1 PONV (SN 
NEG, RY Y) HM WEES 
( FG Ns dies WS, 4 
: 


Vp 
¥ op Ss 
Si, fas 


i 


Fig. 4.—Jarring for the plum cureulio in a Georgia peach orchard (original). 


met with outside of New York State, and the influence it exerts in keep- 
ing down the curculio is perhaps very small. 

Besides the true parasites several predaceous beetles and ants attack 
and destroy the curculio larve as they leave the fruit to enter the soil 
for pupation. Their value in most cases does not equal that of the 
parasites. 

Chickens are said to help greatly in destroying the beetles, especially 
in small orchards planted near the home. 


PREVENTIVE MEASURES. 


Although many methods have been proposed for lessening the injury 
of this pernicious pest, only a few have proven of real value. 
Jarring.—Among these, jarring is the method which is perhaps in 
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‘most general use in protecting plums and peaches, and by many orchard- 
lists it is believed to give the best results. Karly observations upon 
‘the plum curculio showed that this insect has a habit of falling to the 
ground and “ playing possum”’ when disturbed. A knowledge of this 
‘habit has led to the capture: of the beetles on sheets held or spread 
‘beneath the trees, the trees being jarred by a sudden, forcible blow 
struck with a padded pole or mallet in order to dislodge the beetles. 

_ In the spring, about the time the calyx or “shuck”’’ is beginning to 
‘slip off from the newly set fruit, jarring is commenced and is continued 
{daily or as often as the weather will permit for a period of four or five 
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Fic. 5.—The cart catcher in use in jarring for the plum ecurculio (after Slingerland). 


weeks or until the operation ceases to yield many beetles. Jarring is 
best done in the early morning or late evening, for at these times the 
beetles are less active, drop more readily, and are not so likely to escape 
by flying or crawling from the sheets as they are at midday. 

There are several kinds of catchers in common use by orchardists. 
One form is shown in figure 4 and consists of a light framework 12 feet 
long by 6 feet wide, over which a canvas is stretched. The jarring gang 
consists of five persons. ‘Two of the frames of the dimensions given are 
used together, each frame being carried by a couple of women or boys, 
as shown in the figure. One frame is held on each side of the tree, 
while the fifth member of the gang, who carries a long-handled padded 
pole, gives the trunk of the tree a sharp forcible blow. With this outfit 
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a large number of trees may be jarred in a very short time. It is there- — 
fore especially suitable for work on a large scale. The curculios which 
fall to the sheets are collected and destroyed when the end of the row is 
reached, and the beneficial insects, principally ladybirds, are allowed to | 
escape. Where jarring on a smaller seale is desired, sheets can be 
made of a size to be easily handled by one man. For this purpose 
frames 9 feet by 43 feet are convenient and will answer for moderately 
sized peach, plum, and cherry trees. . 

Another catcher which is in common use, especially by the plum 
erowers of western New York (see figure 5), is a two-wheeled cart upon 
which is mounted a canvas covering arranged in the form of an inverted 
umbrella. There is a narrow opening at the front to receive the trunk 
of the tree. When the catcher is in position, the trunk of the tree is 
given a sharp blow. This causes the beetles to drop to the canvas, 
from which they are swept into the tin receptacle, or “‘ hopper,’’ hanging 
under the center of the cart directly beneath an opening in the canvas. 
Some operators place kerosene in the “ hopper’’ to destroy the insects 
as soon as they fall into it. Others have chestnut roasters placed at 
the end of the rows, in which the insects and rubbish collected in the 
‘““hopper’’ are finally roasted. 

Although the operations just described are somewhat laborious and 
expensive, many orchardists have demonstrated that the outlay in time 
and money thus invested will bring profitable returns. Some interest- | 
ing figures concerning the cost of and results from this work as prac- 
ticed in a Georgia orchard were obtained by Messrs. W. M. Scott and 
VW. F. Fiske during the season of 1900 and published in Bulletin No. 31, 
new series, of this Bureau. Some 200,000 bearing peach and 50,000 
bearing plum trees were jarred about 16 times during the period from 
April 18 to June 1. Eleven gangs, or 55 hands, with 5 attendants, 
were engaged in the work. The total cost for labor and repairs was 
placed at about $1,000. The number of curculios caught during the 
season was estimated at about 137,000.. On the assumption that one- 
half of these were females, each capable of laying 200 eggs, it will be 
seen that 13,700,000 eggs, less those deposited by the beetles before 
capture, were kept from the fruit. The amount of curculio damage in 
this orchard for the season was placed at about 4 per cent of the crop. 
In an adjacent orchard of 180,000 peach trees not jarred curculio injury 
was placed at 40 per cent of the crop. 

Poisons.—It has long been known that the beetles feed on the plants 
upon which they lay their eggs, and numerous careful experiments 
have shown that they may be poisoned by thoroughly spraying the 
trees with arsenicals. The results of such work, however, appear to 
vary somewhat, depending on the relative abundance of the beetles 
during a given season. Many orchardists have adopted the practice of 
spraying for the curculio in preference to jarring, on account of the 
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labor involved in the latter and the frequency with which the work 
must be repeated to make it effective. Professor Crandall, in [linois,! 
has shown that curculio injury to apples may be reduced some 20 to 
40) per cent by a reasonable number of poison applications. The results 
of persistent spraying by orchardists in western New York are set forth 
by Professor Slingerland in Bulletin No. 235 of the Cornell Experi- 
ment Station. It is there stated that the growers are almost all in 
favor of spraying for the curculio, especially upon plums and cherries. 
The exact value of arsenicals in controlling the curculio on peach has 
apparently not yet been determined, though there are numerous growers 
who spray their peach trees every year and report good results. The 
foliage of peach is likely to be injured, however, by repeated applica- 


tions of arsenical sprays, and the grower using these sprays for the 


first time should proceed with caution. In localities where it has been 
established that no injury results from their use, they are to be recom- 
mended. Other stone fruits, while liable to foliage injury from repeated 
applications of arsenicals, are apparently not so sensitive as is the 
peach, but care should be taken at all times that the poison be used 
as recommended below. Apple and pear are rarely, if ever, injured by 
the proper use of arsenicals. Of the poisons available—such as Paris 
green, green arsenoid,”’ and arsenate of lead—the latter is least likely 
to be injurious and should be used where stone fruits are to be treated. 
Liability to injury from arsenical poisons will be greatly reduced by 


adding, to each 50 gallons of the spray, the milk of lime made by 


slaking 2 or 38 pounds of good stone lime. Where Bordeaux mixture 
is employed against scab and other fungous diseases, the arsenical may 
be used in the fungicide, and the milk of lime is then unnecessary. 


To be reasonably effective in killing the beetles, arsenate of lead 


should be used at the rate of 2 pounds to 50 gallons of water. Paris 
green or green arsenoid should not, on stone fruits, be used stronger 
than 1 pound to 150 or 200 gallons of water. On pome fruits a somewhat 
ereater strength may be used without danger of injury to the foliage. 
Since the period of feeding and egg laying of the curculio extends 
over several weeks from its emergence in spring, several applications of 
poison are necessary. The first application should be made as soon as 
the blossoms have fallen, and three or four subsequent applications 
should be made at intervals of eight to ten days. In the case of apple 
the-usual two applications for the codling moth or canker-worms—]Just 
after petals fall and again within a week or ten days—will answer for 
the first two applications against the curculio. In spraying for the cur- 
culio too much stress can not be laid on the importance of making the 


applications as thorough as possible. The effort should be made to 


cover every leaf, twig, and fruit. 
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Cultivation.—Another vulnerable period in the life of the insect is 
that when the larva has reached its growth and has passed into the soil. 
At a distance varying from one-half to 2 inches from the surface the larva 
makes a small earthen cell in which to undergo its transformation t 
the pupa and, later, to the adult beetle. While these changes are takin 
place the insect is in a perfectly helpless condition, and the stirring of 
the soil with a cultivator at this period will doubtless break up the cells, 
causing the death of many of the delicate pupez. Since cultivation is 
a necessary feature of orchard practice, effort should be made to carry 
on a part of it at a period when a majority of the insects are easily 
destroyed. Careful-observations show that in the vicinity of Washing 
ton, D. C., and southward the larve begin to enter the soil about six 
weeks from the time fruit trees are in full bloom. In Illinois, accord- | 
ing to Professor Crandall, about two months elapse between the period © 
— of full bloom and the date at which larvee begin to enter the soil. Since 

the period of maximum egg laying covers from four to five weeks, there 
is a like period when the pups are in the soil in maximum numbers. 
Cultivations to destroy the curculio should thérefore begin six or eight 
weeks, according to latitude, from the time of full bloom of the trees 
and should be continued for four or five weeks. Such work could read- 
ily be arranged for as part of the regular cultivation given the orchard. 

Gathering fallen fruit.—The number of curculios can be greatly 
reduced by picking up and destroying the fallen fruit infested with 
larvee. Much of the infested fruit falls to the ground several days before 
the larva is full grown and ready to leave it. If this be gathered and 
burned, at intervals of three or four days, it will result in greatly lessen- 
ing the number of beetles to attack the fruit in the fall and following 
spring. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 14, 1906. 
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' CIRCULAR NO. 74. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE PERIODICAL CICADA IN 1906, 


(Tibicen septendecim L.) 


By C2 MARUATT, 
Entomologist and Acting Chief in Absence of Chief. 


Two broods of the periodical cicada will reappear this year, one an 
important and widely distributed seventeen-year brood and the other 
an unimportant, small, and scattering thirteen-year brood. 


SEVENTEEN-YEAR BROOD XIV. 


The localities where this brood may be expected are indicated on the 
map (fig. 2) on page 8. This brood has a peculiar interest, inasmuch 
as it is the one which was 
first noted, or recorded in 
literature at least, by the 
early European colonists 
on this continent. The 
earliest mention of this 
peculiar insect is that 
given in the work enti- 
tled “‘New England’s Me- 
moriall,’’ by Nathaniel 
Moreton, printed at Cam- 
bridge, Mass., in 1669. 

The following — tran- 


Fig. 1.—The periodical cicada (Tibicen septendecim): a, 
scription of this account, adult; b, same, side view; c, shed pupal skin. Natu- 


ral size (original). 


No. 14, new series, of this Bureau, is taken from an editorial note to an 


hee - 


article on the ‘‘ Locust of North America’’ in the Barton Medical and 
Physical Journal of 1804 (Vol. I, pp. 52-59). Referring to Moreton, 
the editor says: 


Speaking of a sickness which, in 1638, carried off many of the whites and 
Indians, in and near to Plimouth [Plymouth], in Massachusetts, he says, ‘‘ It is 
to be observed, that the Spring before this Sickness, there was a numerous com- 
pany of Flies, which, were like for bigness unto Wasps or Bumble-Bees, they 
came out of little holes in the ground, and did eat up the green things, and made 
such a constant yelling noise as made all the woods ring of them, and ready to 
deaf the hearers; they were not any of them heard or seen by the English in 
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the Country before this time: But the Jndians told them that sickness would 
follow, and so it did, very hot in the months of June, July and August of that 
Summer,’’ viz. 1633. He says, ‘‘ Toward Winter the sickness ceased ;’’ and that 
it was ‘‘a kinde of a pestilent Feaver.’’—New England’s Memoriall, &c., pp. 90 
and 91. 


The fact noted, that the native Indians associated the recurrences of 
this insect with pestilential diseases, is interesting as showing that the 
cicada had probably long been under observation by them and had 
exerted a vivid influence on their imaginations. 

Doctor Riley, referring to this record in his account of the periodical 
cicada, written in 1868, indicates that the year here mentioned is prob- 
ably an erroneous record, as shown by the subsequent reappearances in 
the same locality; in other words, the date assigned was doubtless 1634 
instead of 1638. The first publication of this record thirty-five years 
after its occurrence would give ample leeway for an error of this nature. 
There is, of course, the possibility that the occurrence recorded by More- 
ton was a premature one, but a mistake of one year in the date is a 
more reasonable explanation. The subsequent recurrences of this 
brood for the years 1651, 1668, 1685, 1702, 1719, 1736, 1753, and 1770 
appear not to have been recorded; but the later ones, namely, for 1787, 
1804, 1821, 1838, 1855, 1872, and 1889 have been definitely reported. 
Our knowledge of the extent of this brood, up to 1889, is practically 
based upon Doctor Fitch’s observations in 1885 in the account of his 
third brood, since its reappearance in 1872 did not, apparently, attract 
any attention. Doctor Fitch, however, confused this seventeen-year 
brood with the great tredecim brood which occurred in 1855, the year 
of his record, and the exact dividing line between the two broods is 
still open to question. In asking for reports on the occurrence of this 
brood in 1889 Riley and Howard gave its extent as follows: 


The region commences in southeastern Massachusetts, extends south across 
Long Island and along the Atlantic coast of New Jersey, Delaware, and Mary- 
land as far as Chesapeake Bay; then up the Susquehanna River in Pennsylvania 
to a point a little below Harrisburg; thence westward in Ohio, embracing the 
southwestern corner of the State and the northwestern portion of Kentucky, and 
then upward through southwestern Indiana, ending in central Illinois. It is 
possible also that there is an eastward extension of the region from Kentucky 
into southern West Virginia, as cicadas occurred in 1855 in the Kanawha Valley, 
and also in the counties of Buncombe and McDowell, in North Carolina; but as 
these appearances were not verified in 1872, it is probable that they belonged to 
Brood XVIII, which is of the thirteen-year race. 


The distribution of this brood, as given below, is reproduced from 
Bulletin No. 14, referred to above, and is based on the records given 
by Riley and Howard, with such additions and corrections as were 
gained from the records of 1889, Prof. J. B. Smith adding some records 
from New Jersey, Dr. William A. Buckout defining its limits in Penn- 
sylvania, and Mr. E. A. Schwarz and others adding various localities. 
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The distribution, by States and counties, is as follows: 


District of Columbia.—Throughout. 

Georgia.—Gordon, Habersham, Rabun, Towns, Union, White. 

TIllinois.—Boone, Jo Daviess, Lake, McHenry, McLean, Putnam, Stephenson, 
Winnebago. 

Indiana.—Clay, Crawford, Daviess, Gibson, Greene, Knox, Lake, Lawrence, 
Pike, Posey, Sullivan, Vanderburg, Vigo, Warrick. 

Kentucky.—Adair, Allen, Bath, Bourbon, Boyd, Breckinridge, Carter, Casey, 
Clark, Clinton, Cumberland, Estill, Fayette, Fleming, Franklin, Greenup, Jack- 
son, Jefferson, Laurel, Lewis, McLean, Madison, Mason, Metcalfe, Montgomery, 
Owsley, Powell, Pulaski, Rockcastle, Russell, Shelby, Trimble, Wayne. 

Maryland.—Washington, 
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Fig. 2.—Map showing distribution of Broods XIV and XVIII, 1906. The black disks are the records 
of the Seventeen-year Brood XIV (Riley VIII), and the circles inthe States of Alabama, Georgia, 
Tennessee, and North Carolina are of the small Thirteen-year Brood XVIII (Riley XVI). 


Massachusetts.—Barnstable, Plymouth. 

New Jersey.—Bergen, Burlington, Cape May, Gloucester, Mercer. 

-New York.—On Long Island. 

North Carolina.—Buncombe, Caldwell, Haywood(?), McDowell, Madison. 

Ohio.—Adams, Brown, Butler, Clinton, Gallia, Hamilton, Highland, Law- 
rence, Meigs, Scioto(?), Warren. 

Pennsylvania.—Adams, Berks, Blair, Center, Chester, Clearfield, Clinton, 
Columbia, Cumberland, Franklin, Huntingdon, Lancaster, Lycoming, Mifflin, 
Montour, Northumberland, Snyder, Union, York. 

South Carolina.— Edgefield. 

Tennessee.—Bledsoe, Claiborne, Robertson. 

Virginia.— Alexandria, Wise. 

West Virginia.—Kanawha, Logan, Wood. 
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It is very desirable to have the records for this brood confirmed with — 
its occurrence this year, and accompanying this circular, therefore, a 
reply card is sent on which any information relating to this brood may 
be recorded as indicated on the card. <A negative record is often quite — 
as valuable as one of actual occurrence. Inasmuch as the periodical | 
cicada does not appear, as a rule, until about the last week of May, it — 
is well not to fill out the cards or return ~ 
them before the middle of June. Later 
than the middle of June there is danger 
of confusion with the annual species of 
cicada, which will then begin to appear. 


THIRTEEN-YEAR BROOD XVIII. 


A very scattering brood of the thir- 
teen-year race of the periodical cicada 
appears this year in conjunction with 
the much larger and more widely dis- 
tributed seventeen-year brood. This 
thirteen-year brood is based on the tes- 
timony of Dr. G. B. Smith, who gives 
a record of its occurrence in Cherokee 
County, Ga., in 1828, 1841, and 1854. 
Dr. J. G. Morris recorded its appear- 
ance in the same locality also in 1867. 
This is Doctor Riley’s Brood XVI, and 
some additional records were added by 
him, so that it is now known in four 
States, occurring, however, in scattered 
localities. The localities for this brood 
as listed by Doctor Riley are given be- 
low. None of them were verified in 1893, 
but an additional and very doubttul 


Fria. 3.—Egg punctures of the periodical locality— Montgomery County, Algo 
cicada: a, twig showing recent punc- 2 
tures, from front and side, and illustra- was reported. 


ting manner of breaking; b, twig show- It is very desirable to have econfir- 
De ae eae eas mation of all the localities mentioned 
rangement of fibers. Naturalsize (after for this brood, and persons receiving 
es: this circular throughout the region rep- 
resented will confer a great favor by reporting any occurrences which 
may come to their notice. Any periodical cicadas appearing in the 
higher elevations in the mountain regions of the States referred to will 
probably be of the seventeen-year race, but emergences at low levels 
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will very likely belong to the thirteen-year brood. The distribution, by 
States and counties, is as follows: 
Alabama.—Lowndes, Montgomery (?). 
Georgia.—Cherokee, Cobb. 


North Carolina.—ULincoln, Moore. 
Tennessee.—Lincoln. 


GENERAL CONSIDERATIONS. 


The periodical cicada is so well known that a general account of it in 
this place is unnecessary. The illustration (fig. 1) will recall it to any- 
‘one who has ever observed it. When it appears in great numbers it 
naturally causes considerable alarm and arouses fears for the safety of 
shade trees and orchards. The actual damage, however, is usually 
slight, except in the case of newly planted orchards, and even here, by 
rigorous pruning back after the cicada has disappeared, much of the 
injury caused by the egg punctures (fig. 3) can be obviated. As a mat- 
ter of precaution, however, it might be well not to locate new orchards 
this spring in recently: cleared ground or in proximity to woods in any 
of the regions where the cicada is here recorded. In many cases, how- 
ever, the clearing up and cultivation of the ground will have destroyed 
the larve of the cicada, and it may not appear. 

The exact date of emergence of the adult cicadas from the ground 
will vary somewhat with the season. The experience of many years, 
however, indicates that most of the individuals will come out during 
the last week in May. Very frequently the holes through which the 
cicadas will emerge will appear in the soil some weeks before the insects 
actually come out. These holes are a little larger around than a lead 
pencil and are frequently so numerous as absolutely to cover the sur- 
face of the ground. 

If there be any doubt as to the identity of the cicada, especially from 
records made about or at the middle of June, it would be well to send 
specimens for identification along with the record. It is hoped that 
everyone who receives this circular will keep a sharp lookout for swarms 
of this brood of cicada and assist the Bureau in fixing its range accu- 
rately by sending prompt and explicit information. Bulletin No. 14, 
new series, of this Bureau will be mailed to anyone desiring further 
information on the periodical cicada. 

Approved: 

JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., April 16, 1906. 
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CIRCULAR No. 75, SECOND REVISION. Issued August 7, 190. 


| (Compiled and revised to July 1, 1909.) 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 
L. O. HOWARD, Entomologist and Chief of Bureau. 


REQUIREMENTS TO BE COMPLIED WITH BY NURSERY- 


MEN OR OTHERS WHO MAKE INTERSTATE ee 
OF NURSERY STOCK. 


By A. F. BURGESS, 
Expert in Charge of Breeding Experiments. 


For the information of nurserymen or others who desire to ship 


“nursery stock to points outside the States in which their nurseries are 


) located, a brief statement of the requirements is given herewith. 
' Changes are continually being made on account of the enactment of 


new laws or the amendment of old ones, and modifications of the 
regulations of different States are made from time to time by the 


authorities in charge of the enforcement of the laws. On this account 


a, 5 ‘ ? : ; ; 
Circular No. 75 has been’ revised and the requirements given are in 
force on the date of its publication. For the convenience of nursery- 


men who may wish to write to the officials in charge of inspection 


_ work the names and addresses of the latter are given. 


Alabama.—Persons shipping stock into the State must file a duplhi- 


cate certificate of inspection and obtain official tags. The latter must 


be placed upon every package of stock delivered in the State. Tags 
are furnished at cost, as follows: One hundred, 65 cents; 200, $1; 


500, $1.60, post paid. One thousand may be obtained for $2.20 by 
express collect. Prof. R.S. Mackintosh, Auburn, Ala. (Act of 1903.) 


Arizona.—Any person, firm, or corporation shipping stock into the 


Territory of Arizona must within twenty-four hours after its arrival 


notify the quarantine inspector of the district in which the stock is 
received, and hold the same for immediate inspection. All stock 
shipped into the Territory must be labeled with a certificate of in- 
spection, and shipments not so labeled will be immediately destroyed 
or sent out of the Territory at the option of the owner, and at his 
expense. Any shipment of nursery stock, buds, fruit pits, or fruits 
brought into the Territory which shall be found infested will be 
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immediately destroyed or sent out of the Territory at the option of 
the owner. Prof. R. H. Forbes, Secretary, Arizona Horticultural 
Commission, Tucson, Ariz. (Act of 1909.) 

Arkansas.—Shipments must bear a certificate of inspection. Mr. 
C. F. Adams, State Inspector, Fayetteville, Ark. (Act of 1903.) 

California.—Shipments of stock sent into the State are subject to 
inspection and must bear the name of the consignor and consignee 
and a statement of where the stock was grown. The Commissioner 
has also issued a quarantine order making it unlawful to ship into 
the State any trees or plants from Florida, Louisiana, or other 
States known to contain infestations of the Aleyrodes citri (white 
fly). There is also a quarantine order requiring all cotton seed sent 
into the State to be consigned to a county horticultural commis- 
sioner and by him fumigated before delivery to the consignee. No- 
tice of shipments should be sent to Hon. J. W. J effrey, Commissioner 
of Horticulture, Sacramento, Cal. 

Colorado. —Shipments into the State are inspected by county in- 
spectors. (Amended act of 1907.) 

Connecticut.—Shipments of stock into the State pie bear certifi- 
cates of inspection, issued by a State or Government officer, and a 
statement by the owner that they have been thoroughly futeipneee 
Dr. W. E. Britton, State Entomologist, New Haven, Conn. 
(Amended act of 1903.) : 

Delaware——Shipments into the State must be accompanied by a 
certificate of inspection of a State or Government official, and the 
owner or shipper must certify that the stock has been fumigated. 
Delaware nurserymen are required to fumigate their stock. Mr. Wes- 
ley Webb, Dover, Del. (Amended act of 1901.) 

Vi esi: —It is unlawful for any nonresident person or persons, 
corporation or firm, to sell or offer for sale nursery stock in the State 
of Florida without having first paid a license tax of $25 annually to 
the collector of revenues of the county in which the stock is sold or 
offered for sale. (This law is interpreted as applying to peddlers 
only, and not intended to interfere with shipments into the State.) 
Upon payment of this amount a license will be issued by the county 
judge. (Act of 1905.) It is unlawful for any person to knowingly 
sell or give away diseased nursery stock or seeds in the State of 
Florida. Dr. KE. W. Berger, Entomologist, Florida Agricultural Ex- 
periment Station, Gainesville, Fla. (Act of 1906.) 

Georgia.—Shipments into the State must be accompanied with cer- 
tificates of inspection and copies of the official tags of the State Board 
of Entomology. These may be obtained by submitting a duplicate of 
the official certificate of inspection and a statement that all stock 


shipped into the State will be properly fumigated. Tags are fur- 
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_nished at cost. Mr. E. L. Worsham, State Entomologist, Atlanta, 
fm Ga. (Act of 1900.) 

Hawaii.—Shipments are subject to the regulations of the Board of 
- Commissioners of Agriculture and Forestry, and are subject to in- 
_ spection and quarantine at Honclulu or Hilo, which are the only ports 
_ where they are allowed to be landed. For inspection lists and special 
- information address Hon. Marston Campbell, President, Honolulu, 
_ Hawaii. 

_ Idaho—Persons desiring to sell or ship stock into this State must 
file a bond in the sum of $1,000 with the State Board of Horticulture, 
- conditioned on a faithful compliance with the requirements of the 
law, and secure a permit to do business in the State. Shipments 
must bear official certificates of fumigation, and the name of the 
grower and consignee must appear on the package. Mr. J. R. Field, 
State Horticultural Inspector, Boise, Idaho. 

[ilinois—Shipments into the State must be accompanied with cer- 
tificates of inspection. The State Entomologist is required by law to 
furnish annually to Illinois nurserymen a lst of State and Govern- 
ment inspectors whose certificates may be received as equally valid 
with his own, and the nurserymen receiving stock under such certifi- 
cates are authorized to substitute the [linois certificate of inspection. 
Agents and dealers must file sworn statements with copies of certifi- 
cates showing the source from which their stock is obtained, for 
the approval of the State Entomologist. Dr. S. A. Forbes, State 
Entomologist, Urbana, Il. (Act of 1907.5 

Indiana.—Stock shipped into the State must be accompanied by 
certificates of inspection signed by a State or Government inspector. 
Each shipment must bear the name of the consignor and the consignee. 
Uneertified shipments must be reported by the railroad company 
receiving the same. Mr. Benjamin W. Douglass, State Entomologist, 
Indianapolis, Ind. (Act of 1909.) 

Towa.—Shipments into the State must be accompanied by official 
certificates of inspection, copies of which should be previously filed 
for approval with the State Entomologist. Prof. H. E. Summers, 
State Entomologist, Ames, Iowa. (Amended act of 1906.) 

Kansas.—Stock shipped into the State must be accompanied by 


_ certificates of inspection. Prof. S. J. Hunter, State Entomologist, 


_ Lawrence, Kans., has charge of the inspection in the southern section 
of the State; Prof. T. J. Headlee, State Entomologist, Manhattan, 
Kans., has charge of the inspection in the northern section of the 
State. (Act of 1907.) 

Kentucky.—Shipments into the State must be accompanied with 


official certificates of inspection, copies of which should be filed with 
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the State Entomologist. Prof. H. ses State Entomologist, | 


Lexington, Ky. (Act of 1897.) 

Louistana.—Shipments sent into the State must be accompanied 
with official certificates of inspection. When a shipment containing 
two or more orders is sent to an agent or dealer for delivery to differ- 
ent persons, a certificate must accompany each individual order. Mr. 
Wilmon Newell, Entomologist, State Crop Pest Commission, Baton 


Rouge, La. (Act of 1903, Regulations of State Crop Pest Com- | 


mission, approved April 11, 1907.) 


Maine.-—All stock shipped into the State must be accompanied with 


official certificates of inspection, but the State Entomologist is em- 
powered by law to inspect at the point of destination any stock which 
may be received; and should such stock be found infested with 
injurious insects or infected by plant diseases he may destroy the 
same or return it to the consignor. Mr. E. F. Hitchings, State Ento- 
mologist, Augusta, Me. (Amended act of 1909.) © 

Maryland.—Stock sent into the State must bear the name of the 
consignor and consignee and a certificate of inspection. Duplicate 
certificates should be filed with the State Entomologist. Prof. T. B. 
Symons, State Entomologist; Prof. J. B. S. Norton, State Pathol- 
ogist, College Park, Md. (Act of 1898.) 

Massachusetts——Any person, firm, or corporation desiring to ship 
stock into the State must file a copy of his or its official certificate 
of inspection with the State Nursery Inspector, and if the certificate 
is satisfactory official tags bearing the certificate and seal of the 
State will be issued at cost. Any shipment or package of stock 
shipped into the State without such official tag is liable to confisca- 
tion. The State Nursery Inspector has authority to inspect at the 
point of destination all stock coming into the State, and if it is found 
infested with injurious pests he may cause it to be destroyed or re- 
turned at the expense of the owner. Agents selling stock in the 
State must secure a license from the State Nursery Inspector. Dr. 
H. T. Fernald, State ge Inspector, Amherst, Mass. (Act of 
1909.) 

Michigan.—Nurserymen selling stock in this State must pay a 
license fee of $5 and furnish a bond of: $1,000, with satisfactory sure- 
ties. Shipments must be accompanied with certificates of inspection 
and, if of species subject to the attack of the San Jose scale, certifi- 
cates by the nurserymen that the stock has been properly fumigated. 
Prof. L. R. Taft, State Inspector of Orchards and Nurseries, Agri- 
cultural College, Mich. (Amended act of 1905.) © 

Minnesota.—Stock shipped into the State must bear a certificate 


of inspection. Prof. F. L. Washburn, State Entomologist, St. An- — 


thony Park, Minn. (Act of 1903.) 
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| MississippiBefore shipping stock into the State a copy of an 
| official certificate of inspection must be filed with the Entomologist 
| of the Experiment Station, which must state that in addition to the 
' regular inspection the stock has been fumigated under the direc- 
tion of the official issuing the certificate. Failure to comply with 
| this requirement renders the stock Hable to confiscation and destruc- 
| tion. All shipments must be accompanied with such a certificate. 
| Mr. R. W. Harned, Experiment Station, Agricultural College, Miss. 
~ (Act of 1908.) 

Missourt.—Stock shipped into the State must bear the name of the 
-consignor and the consignee, a statement of the contents, and an official 
| certificate of inspection. In the absence of the State Entomologist, 
' applications for certificates of inspection should be made to Mr. E. P. 
‘Taylor, Missouri State Fruit Experiment Station, Mountain 
(Grove, Mo. 

Montana.—All stock brought into the State must be unpacked, 
‘inspected, and, if necessary, fumigated at one of the designated quar- 
-antine stations, viz, Miles City, Billings, Dillon, Missoula, Kalispell, 
Great Falls, Troy, Plains, Glasgow, or Thompson Falls. Nursery 
stock may be inspected and, if necessary, fumigated at other points 
of delivery on payment of all cost. In order to sell or deliver nursery 
stock it is necessary first to obtain a license by paying a fee of $25 
» and by filing with the Secretary of the State Board of Horticulture 
_a bond in the sum of $1,000 annually. Notice of shipment, including 
an invoice of stock, must be sent to Mr. Joseph W. Wallisch, Secre- 
tary, Montana State Board of Horticulture, Hirbour Block, Butte, 
Mont. (Act of 1899.) 

Nebraska.—No nursery-inspection law. Local nurseries inspected 
and certificates issued by Prof. Lawrence Bruner, Acting State Ento- 
-mologist, Lincoln, Nebr. 

Nevada.—No nursery-inspection law. 

New Hampshire.—Stock shipped into the State must bear a cer- 

tificate of inspection or a statement containing an affidavit that it has 
‘been properly fumigated. Prof. E. D. Sanderson, State Nursery 
Inspector, Durham, N. H. (Act of 1903.) 

New Jersey—sStock shipped into the State must be accompanied 
with a certificate of inspection and a statement from the shipper that 
it is a part of the stock inspected and whether it has been fumigated 
with hydrocyanic-acid gas. Dr. John B. Smith, State Entomologist, 
New Brunswick, N. J. (Act of 1903.) 

Nex Mexico.—No law relating to nursery inspection. 

New York.—All transportation companies are required by law to 
notify the Commissioner of Agriculture of the receipt of nursery, 


stock consigned to points within the State, and stock can not be un- 
[Cir. 75] 


= 


6 


packed until a permit has been secured from the Commissioner o 
Agriculture. All custom-house brokers doing business in the State 
cf New York are required to file a list containing names and a 
dresses of all persons, firms, or corporations with whom they are 
engaged or intend to engage in the sale or delivery of nursery stock; 
they are also required to notify the Commissioner of Agriculture on’ 
receipt of consignments and give all points to which stock is being} 
shipped. Hon. R. A. Pierson, Commissioner of Agriculture, Albany, 
N. Y. (Amended act of 1909. ) 

North Carolina—Shipments sent into this State must bear official 
certificates of inspection and should be fumigated and a statement to 
that effect signed and attached by the consignor. Duplicate certifi- | 
cates must be filed with the State Entomologist. Prof. Franklin} 
Sherman, jr., State Entomologist, Raleigh, N. C. (Act of 1897.) 

North Dakota.—No nursery-inspection law. 

Ohio.—Shipments must be accompanied with official certificates of | 
inspection or fumigation. Agents and dealers must file sworn state-| 
ments as to sources from which their stock is obtained. Mr. N. E. 
Shaw, Chief Inspector, Department of Agriculture, Columbus, Ohio. | 

Oklahoma.—The owners or operators of nurseries who desire to’ 
ship stock into the State of Oklahoma are required to make an appli- | 
cation for a permit. This will be issued by the Board of Agriculture | 
upon the filing of a certificate of inspection or the report of inspection | 
from the State inspector who examined the stock, and in addition the 
application must be accompanied by a remittance of $5. If satisfac- 
tory, the board will issue a permit over the signature of its secretary, | 
and in addition to the above may require further evidence of integrity | 
io establish the responsibility and good faith of the applicant. All 
shipments must be accompanied by a tag on which is printed a copy 
of this permit over the facsimile signature of the secretary of the 
board. All agents canvassing for nurseries located outside the State | 
are required to carry a Rane hy of the permit of their principals, 
which duplicate is issued upon payment of $1. Quotations on tags | 
will be forwarded upon application to the secretary. Address all) 
communications to Oklahoma State Board of Agriculture, Mr. C. F. 
Barrett, Secretary, Guthrie, Okla. (Act of 1905.) 

Oregon.—Stock is subject to inspection on arrival at quarantine 
stations. Mr. H. W. Williamson, Secretary State Board of Horti- 
culture, Portland, Oreg. (Amended act of 1905.) 

Pennsylvania._Shipments of nursery stock into the State must be 
plainly labeled on the outside with the names of the consignor and 
consignee, and a certificate showing that the contents have been in- 
spected and that the stock (excepting conifers and herbaceous plants) 


therein contained have been properly fumigated. Dealers in nursery 
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jock are furnished certificates under certain restrictions. ‘Transpor- 
Hation companies are required to reject all stock entering the State 

Hnless certificates of inspection and fumigation are attached. Prof. 

ff, A. Surface, Economic Zoologist; Mr. E. B. Engle, Inspector, 

[Harrisburg, Pa. (Act of 1905.) 

Porto Rico.—Nursery stock will be received only through three 

ports of entry, namely, San Juan, Ponce, and Mayaguez, and must be 

|iecompanied with an official certificate of inspection. It is subject to 

inspection by local inspectors on arrival at said ports of entry. In- 

/pectors are appointed by the Governor. (Act of 1905.) 

| Rhode Island.—Shipments must be accompanied with certificates 

hf inspection or affidavits of fumigation. Mr. A. E. Stene, State 

Vursery Inspector, Kingston, R. I. (Act of 1904.) 

y South Carolina—A duplicate certificate of inspection must be filed 
lvith the State Entomologist and an official tag of the State Board of 
intomology secured by nurserymen desiring to ship stock into the 
State. This tag and an official certificate of fumigation must be 
‘ittached to all shipments. Prof. W. A. Thomas, State Entomologist, 
[Slemson College, S.C. (Act of 1905.) 

| South Dakota —All nursery stock shipped into the State must be 
accompanied with a certificate of inspection issued by the State Ento- 
)nologist from the State from which it was shipped. Any person, 
(irm, or corporation owning a nursery which sells stock to be delivered 
tn this State must certify where the stock was grown, and attach this 
statement to all shipments. Prof. Robert Matheson, State Entomolo- 
lgist, Brookings, S. Dak. (Act of 1909.) 

Tennessee.—A certificate of inspection signed in person by the 
limspector or the State Entomologist must be filed in the office of the 
Tennessee State Board of Entomology, Knoxville, Tenn., previous 
to all shipments. All nursery stock must be fumigated and a tag 
‘indicating the same placed upon each shipment. Prof. H. A. Morgan, 
‘State Entomologist, Knoxville, Tenn. (Act of 1905.) 

' Texas—Any nurseryman desiring to ship stock into the State 
must file with the Commissioner of Agriculture a certified copy of 
Wbis certificate of inspection, which must show that the stock to be. 
)shipped has been examined by a State or local inspector and that it 
is free from all dangerous insect pests or contagious diseases. If 
fumigation is required in the State from which the stock is shipped, 
fit must be thoroughly fumigated before shipment. On receipt of the 
Leertificate above mentioned the Commissioner of Agriculture is re- 
| quired to make an investigation as to the moral standing and integ- 
|rity of the applicant, and if this is satisfactory the Commissioner of 
| Agriculture will, on receipt of a fee of $5, issue to the applicant a 
‘certificate permitting stock to be shipped into the State. Each box, 
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bale, or package of stock must bear a tag on which is a printed copy 
of the certificate of the Entomologist who examines the stock and the 
certificate of the Commissioner of Agriculture of Texas. Hon. Ed. 
R. Kone, Commissioner of Agriculture, Austin, Tex. (Act of 1909.) 

Utah.—All nursery stock shipped into the State will be inspected 
on arrival and disinfected if such treatment is deemed necessary. 
Trees affected with crown gall or hairy-root disease will be destroyed 
by burning. Nurserymen doing business in the State must pay an 
annual license fee of $2.50 and file a bond in the sum of $500. The 
inspection work is in charge of the State Horticultural Commission, 
Mr. J. Edward Taylor, State Inspector, Salt Lake City, Utah. 

Vermont.—Stock shipped into the State must be accompanied with 
a certificate of inspection. Prof. Wm. Stuart, State Nursery In- 
spector, Burlington, Vt. 

Virginta—Duplicate certificates of inspection must be filed by 
nurserymen shipping stock into the State and official tags obtained 
from the Board of Crop Pest Commissioners; also a registration fee 
of $20 must. be paid. Tags furnished at cost. Mr. J. L. Phillips, 
State Entomologist, Blacksburg, Va. (Amended act of 1903.) 

Washington —Before soliciting or engaging in selling nursery 
stock in this State a bond of $1,000 and a license fee of $5 must be 
paid by nurserymen and a license fee of $2.50 by agents and dealers. 
Notice must be sent previous to the shipment of stock, giving the 
names of the nurserymen and the places at which it is to be delivered. 
Hon. F. A. Huntley, Commissioner of Horticulture, Tacoma, Wash. 
(Act of 1907.) 

West Virginia.—All stock shipments into the State must be accom-_ 
panied by an official certificate of inspection and fumigation. Notice | 
of shipments must be sent ten days before the time of delivery, to 
the Director of the West Virginia Experiment Station, stating the 
number of trees in each consignment, the place from which such are ; 
to be shipped, and their destination. Agents and dealers who sell 
stock must secure a license from the assessor in the county where the 
stock is sold and pay a fee of $10 to the sheriff of the county. Prof. 
J. H. Stewart, Director Agricultural Experiment Station, Morgan- , 
town, W. Va. (Amended acts of 1905 and 1907.) 

Wisconsin.—Any person, firm, or corporation selling or shipping 
stock into the State must secure a license, which will be granted after 
a copy of their official certificate of inspection has been filed and a 
fee of $10 paid by the applicant. Agents must carry a duplicate copy 
of the licenses held by their principals. Duplicates are furnished 
at a cost of $1 each. Parties doing mail-order business are required 
to secure licenses. Stock received from foreign countries must be | 
held by the owner unopened until it has been examined and released — 

| 
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by the inspector. All persons or companies engaged in selling or 


' shipping fruit trees into the State are required to obtain official tags 


which will be issued by the State inspector at a cost not exceeding 
30 cents per thousand. Mr. A. J. Rogers, jr., State Orchard and 
Nursery Inspector, Madison, Wis. (Act of 1909.) 

Wyoming.—Any person or firm wishing to do business in the State 
must first obtain a license. Licenses are issued on application for a 
period terminating on July 1 of the next succeeding inspection year 
(approximately two years). All applications must be accompanied 
by the license fee ($25), a bond in the sum of $500 conditioned that 
the principal will faithfully obey the law of the State of Wyoming, 
and by a certified certificate of inspection from an authorized in- 
spector in the State from which shipments are to be made. On 
receipt of these, the Secretary of the State Board issues authorized 
shipping tags (at cost). Nursery stock may not enter the State and 
transportation companies may not deliver unless such tags be attached 
to each and every box, bundle, orbale. For circular of detailed infor- 
mation address Prof. Aven Nelson, Secretary State Board of Horti- 
culture, Laramie, Wyo. (Act of 1905.) 

Canada.—Shipments of stock into Canada are unpacked and fumi- 
gated by Government inspectors and must arrive within the time 
specified at the following ports of entry: St. Johns, Quebec; Niagara 
Falls, Ontario, and Windsor, Ontario, from March 15 to May 15 and 
from September 26 to December 7; St. John, New Brunswick, and 
Winnipeg, Manitoba, from March 15 to May 15 and from October 7 
to December 7; Vancouver, British Columbia, from October 1 to 
May 1. Mr. Arthur Gibson, Acting Entomologist, Ottawa, Ontario. 

Approved : 

James WItson, . 
Secretary of Agriculture. 


WasuHineton, D. C., June 9, 1908. 
721—Cir. 75—09——_2 


O 


\ 


une ini) ae i i ‘i ich : 


is 
fi Le 
iy aE 
AV le 
, y 


4 Ap’ ta LIBRARY 
3 i>, OF THI 
yi UNIVERSITY af i 
¢ 
|| CIRCULAR No. 76, REVISED TO FEBRUARY 1, 1910. Issued February 16, 1910. 


United States Department of Agriculture, 
BUREAU OF ENTOMOLOGY. 


L. O. HOWARD, Entomologist and Chief of Bureau. 


LIST OF PUBLICATIONS OF THE BUREAU OF 
ENTOMOLOGY. 


Compiled by MasBet Cotcorp, Librarian. 


There has been a demand from librarians, members of this Bureau i 
|and others interested in entomology for a complete list of the publi- 
cations of the Bureau and of those of the Department of Agriculture 
jin general bearing on the subject and published by members of the 
‘Bureau or under its auspices. To supply this demand the following 
list has been compiled. 

| Applications for the priced publications mentioned in this list 
should be addressed to the Superintendent of Documents, Government 
|Printing Office, Washington, D.C. All remittances should be made 
payable to him and not to the Department of Agriculture, and should 
de sent by postal money order or New York exchange. Currency 
imay be sent at sender’s risk, but postage stamps, foreign money, and 
)incertified checks will not be accepted. 

| The Farmers’ Bulletins, circulars, separates, and popular summa- 
ries are sent free, on application to the Secretary of Agriculture; but 
\\pplications from residents of foreign countries, to whom the price of 
hese is 6 cents each, including postage, should be made to the Super- 
|ntendent of Documents, Government Printing Office, Washington, 
1D. C. No charge is made for postage on documents forwarded to 
points in the United States, Guam, Hawaii, Philippine Islands, or 
j-orto Rico, nor to Canada, Cuba, or Mexico. To other countries the 
regular rate of postage is charged, and remittances must cover such 
postage. 

Where scientific names of species are given in brackets these do not 
| ecur in the titles of the publications, but are inserted for the conven- 
/pnce of those not familiar with the common names. 
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2 PUBLICATIONS OF BUREAU OF ENTOMOLOGY. 


ANNUAL REPORTS. 


[The Division of Entomology was established in 1863 by the appointment of Town- 
end Glover as Entomologist. The annual reports of the Entomologist are bound with 
those of the Secretary of Agriculture, and for some years have also been issued in indems 
pendent form, known as author’s editions. 

Previous to the establishment of the division, articles of entomological interest 
appeared in the agricultural reports of the Patent Office, These articles are indexed | 
in “The General Index of the Agricultural Reports of the Patent Office for 1837-1861, : 
and of the Department of Agriculture for 1862-1876.” a] 
Report of the Entomologist for 1863. By Townend Glover. (In Annual Report 

Commissioner of Agriculture for 1863. pp. 561-579.) Price 60 cents. Postage 21 

cents. 

Report of the Entomologist for 1864. By Townend Glover. (In Annual Report 
Commissioner of Agriculture for 1864. pp. 540-564.) Price 60 cents. Postage 19 
cents. zi 

Report of the Entomologist for 1865. By Townend Glover. (In Annual Report 
Commissioner of Agriculture for 1865. pp. 33-49.) Price 60 cents. Postage 19 
cents. , 

Report of the Entomologist for 1866. By Townend Glover. (In Annual Report 
Commissioner of Agriculture for 1866. pp. 27-45.) Price 60 cents. Postage 19 
cents. : 

Report of the Entomologist for 1867. By Townend Glover. (In Annual Report 
Commissioner of Agriculture for 1867. pp. 58-76, figs. [16].) Price 60 cents. Post- 
age 15 cents. f 

(Report of the Entomologist for 1868.] By Townend Glover. Title: The food and 
habits of beetles. (In Annual Report Commissioner of Agriculture for 1868. pp. 
78-117, figs. [120].) Pr°ce60cents. Postage 17 cents. i 

Report of the Entomologist for 1869. By Townend Glover. (In Annual Report 
Commissioner of Agriculture for 1869. pp. 60-64.) Price 70 cents. Postage 19° 
cents. ' 

Report of the Entomologist and Curator of the Museum for 1870. By Townend Glover. — 
(In Annual Report Commissioner of Agriculture for 1870. pp. 65-91, figs. 60.) 
Price 65 cents. Postage 18 cents. d 

Report of the Entomologist and Curator of the Museum for 1871. By Townend Glover. | 
(In Annual Report Commissioner of Agriculture for 1871. pp. 69-88, figs. 23.)) 
Price 55 cents. Postage 14 cents. ,. 

Report of the Entomologist and Curator of the Museum for 1872. By Townend Glover. 
(In Annual Report Commissioner of Agriculture for 1872. pp. 112-138, figs. 26.)/ 
Out of print. F 

Report of the Entomologist and Curator of the Museum for 1873. By Townend Glover. | 
(In Annual Report Commissioner of Agriculture for 1873. pp. 152-169, figs. 10.) 
Price 40 cents. Postage 13 cents. | 

Report of the Entomologist and Curator of the Museum for 1874. _By Townend Glover.) 
(In Annual Report Commissioner of Agriculture for 1874. pp. 122-146, figs. 20.) | 
Out of print. | 

Report of the Entomologist for 1875. By Townend Glover, (In Annual Repel 


Commissioner of Agriculture for 1875. pp. 114-140, figs. 63.) Price 60 cents. Post | 
age 17 cents. a 

22 = - : r 
aBy the Commissioner of Agriculture. Washington: Government Printing Office. | 
1876. (Now out of print.) | 
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| Report of the Entomologist and Curator of the Museum for 1876. By Townend Glover. 
_ (In Annual Report Commissioner of Agriculture for 1876. pp. 17-46, figs. 59.) 
| Price 40 cents. Postage 14 cents. 
«Report of the Entomologist and Curator of the Museum for 1877. By Townend Glover. 
(In Annual Report Commissioner of Agriculture for 1877. pp. 89-148, pls. 5.) 
| Price 70 cents. Postage 18 cents. 
|Report of the Entomologist, Charles V. Riley, August 22, 1879. pp. 52+[1], pls. 7. 
| 1879. (Author’s edition from the Annual Report of the Commissioner of Agriculture 
|. for the year 1878. pp. 207-257, pls. 7.) Out of print. Report of Commissioner 
|| for 1878. Price 70 cents. Postage 19 cents. 
‘Report of the Entomologist for 1879. By J. Henry Comstock. (In Annual Report 
Commissioner of Agriculture for 1879. pp. 185-348, pls. 16.) Price 90 cents. 
Postage 20 cents. 
eport of the Entomologist for 1880. By J. Henry Comstock. pp. iv-+235-373+iv, 
pls. 24. 1881. (Author’s edition from the Annual Report of the Commissioner 
of Agriculture for 1880.) Out of print. Report of Commissioner for 1880. Price 
| $1.20. Postage 27 cents. 
Report on insects for the year 1881. By J. Henry Comstock. 1882. pp. 22, pls. 
' XIV-XX. (Author’s edition from the Annual Report of the Department of Agri- 
culture for the year 1881. pp. 195-214, pls. XIV-XX.) Out of print. 
Report of the Entomologist, Charles V. Riley, for the fiscal year ending June 30, 1882. 
_ pp. vii+167, pls. 20. 1882. (Author’s edition from the Annual Report of the 
Department of Agriculture for the year 1881[-82]. pp. 61-214, pls. 20.) Out of 
print. Report of Commissioner for 1881 and 1882. Price $1.30. Postage 29 cents. 
Report of the Entomologist, Charles V. Riley, for the year 1883. pp. v+99-180+ 
F 5+[2], pls. 18. 1883. (Author’s edition from the Annual Report of the Depart- 
ment of Agriculture for 1883.) Out of print. Report of Commissioner for 1883. 
Price 60 cents. Postage 17 cents. 
"Report of the Entomologist, Charles V. Riley, for the year 1884. pp. vii+[1]+134+ 
| 2+ix,pls.10. 1885. (Author’s edition from the Annual Report of the Department 
of Agriculture for the year 1884.) Out of print. Report of Commissioner for 1884. 
Price $1. Postage 20 cents. 
Report of the Entomologist, Charles V. Riley, for the year 1885. pp. vii+1-+137 
+vili+2, 21., pls. 9,1 map. 1886. (Author’s edition from the Annual Report of 
the Department of Agriculture for the year 1885.) Out of print. Report of Com- 
| missioner for 1885. Price 80 cents. Postage 20 cents. 
Report of the Entomologist, Charles V. Riley, for the year 1886. pp. v+459-592+ix, 
- pls. 11. 1887. (Author’s edition from the Annual Report of the Department of 
Agriculture for the year 1886.) Out of print. Report of Commissioner for 1886. 
| Price $1. Postage 23 cents. 
(Report of the Entomologist, Charles V. Riley, for the year 1887. pp. vi+48-179-+-vi, 
{ pls. 8. 1888. (Author’s edition from the Annual Report of the Department of 
Agriculture for the year 1887.) Out of print. Report of Commissioner for 1887. 
r Price $1.20. Postage 23 cents. 
Report of the Entomologist, Charles V. Riley, for the year 1888. pp. iv+53-144, 
pls. 12. 1889. (Author’s edition from the Annual Report of the Department of 
_ Agriculture for the year 1888.) Out of print. Report of Commissioner for 1888. 
Price $1. Postage 23 cents. 
|Report of the Entomologist for the year 1889. [By C. V. Riley.] pp. iv+331- 
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No. 63, Part III. Papers on the cofton boll weevil and related and associated insects. 
An ant enemy [Solenopsis geminata Fab., var. zylont McC.] of the cotton boll weevil. 
By W. E. Hinds. pp. iv+45-48, fig. 7. Issued February 5, 1907. Price 5 cents. 
Postage 1 cent. 

No. 63, Part IV. Papers on the cotton boll weevil and related and associated insects. — 
A predatory bug [Apiomerus spissipes Say] reported as an enemy of the cotton boll 
weevil. By A. C. Morgan. pp. iv+49-54, figs. 8-9. Issued February 8, 1907. 
Price 5 cents. Postage 1 cent. ) 

No. 63, Part V. Papers on the cotton boll weevil and related and associated insects. — 
Notes on the pepper weevil [Anthonomus eugenitt Cano (xneotinctus Champ.)]. By — 
F.C. Pratt. pp.iv+55-58, fig. 10, pl. II. Issued February 9, 1907. Price 5 cents. | 
Postage 1 cent. | 

No. 63, Part VI. Papers on the cotton boll weevil and related and associated insects. 
The strawberry weevil in the south-central States in 1905 [Anthonomus signatus Say]. 
By A. W. Morrill. pp. iv-+59-62. Issued January 22,1907. Price5 cents. Post- 
age 1 cent. | 

No. 63, Part VII. Papers on the cotton boll weevil and related and associated insects. 
The cotton stalk-borer [Ataxia crypta Say]. By A. ©. Morgan. pp. iv+63-66, pl. 
III. Issued February 9, 1907. Price 5 cents. Postage 1 cent. | 

No. 63-Sup. Papers on the cotton boll weevil [Anthonomus grandis Boh.] and related 
and associated insects. Contents and index. pp. x+67-71. Issued July 17, 1909. 
Price 5 cents. Postage 1 cent. 
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4No. 63. Papers on the cotton boll weevil [Anthonomus grandis Boh.| and related and 

. associated insects. pp. viii+71, figs. 10, pls.3. [Issued in 7 parts, January—Feb- 
ruary, 1907.] Issued [September 20], 1909. Price 15 cents. Postage 4 cents. 

‘No. 64, Part I. Some miscellaneous results of the work of the Bureau of Entomology. 

| IX. The Mexican conchuela in western Texas in 1905 [Pentatoma ligata Say]. By 

| A. W. Morrill. pp. ii+1-14, figs. 1-2, pl. I. Issued April 2,1907. Price 5 cents. 
Postage 1 cent. 

‘No. 64, Part II. Some miscellaneous results of the work of the Bureau of Entomology. 
IX. Notes on the economic importance of sowbugs. By W. Dwight Pierce. pp. 

( iv+15-22, pl. IJ. Issued April 2, 1907. Price 5 cents. Postage 1 cent. 

No. 64, Part III. Some miscellaneous results of the work of the Bureau of Entomology. 
IX. Notes on ‘‘Punkies”’ [Ceratopogon spp.]. By F. C. Pratt. pp. 11+23-28, 

figs. 3-6. Issued April 2, 1907. Price 5 cents. Postage 1 cent. 

‘No. 64, Part IV. Some miscellaneous results of the work of the Bureau of Entomology. 

_ TX. An injurious North American species of Apion [Apion griseum Sm.] with notes 

: on related forms. By F. H. Chittenden. pp. ii+29-32, figs.7. Issued January 14, 

| 1908. Price 5 cents. Postage 1 cent. 

'No. 64, Part V. Some miscellaneous results of the work of the Bureau of Entomology. 
IX. Insects injurious to the loco weeds. By F. H. Chittenden. pp. 1+33-42, 
figs. 8-14. Issued May 29, 1908. Price 5 cents. Postage 1 cent. 

No. 64, Part VI. Some miscellaneous results of the work of the Bureau of Entomology. 

IX. The greenhouse thrips [Heliothrips hemorrhoidalis Bouché]. By H. M. 

Russell. pp. ii+43-60, figs. 15-17. Issued August 4, 1909. Price 5 cents. Post- 

age 1 cent. 

No. 64, Part VII. Some miscellaneous results of the work of the Bureau of Entomology. 

_ IX. New breeding records of the coffee-bean weevil [Arecerus fasciculatus De 

| Geer]. By E. S. Tucker. pp. iv+61-64, fig. 18, pl. III. Issued August 5, 1909. 
Price 5 cents. Postage 1 cent. 

‘No. 65. The tobacco thrips, a new and destructive enemy of shade-grown tobacco 
[Euthrips nicotiane Hinds]. By W. A. Hooker. pp. 24, figs. 2, pls. 2. Issued 
April 19, 1907. Price 10 cents. Postage 2 cents. 

‘No. 66, Part I. Some insects injurious to truck crops. The asparagus miner [Agro- 
myza simplez Loew]. Notes on the asparagus beetles [Crioceris asparagi L. and C. 
12-punctata L.]. By F. H. Chittenden. pp. iv+1-10, figs. 1-2. Issued March 
16, 1907. Price 5 cents. Postage 1 cent. 

No. 66, Part II. Some insects injurious to truck crops. The water-cress sowbug [ Man- 
casellus brachyurus Harger]. The water-cress leaf-beetle [Phedon xruginosa Suftr.]. 
By F. H. Chittenden. pp. iv+11-20, figs. 3-5. Issued April 23, 1907. ‘ Price 5 
cents. - Postage 1 cent. 

‘No. 66, Part III. Some insects injurious to truck crops. The cranberry spanworm 

. [Cleora pampinaria Guen.]. The striped garden caterpillar [Mamestra legitima 

Grote]. By F. H. Chittenden. pp. iv+21-32, figs. 6-7. Issued August 31, 1907. 
Price 5 cents. Postage 1 cent. 

No. 66, Part IV. Some insects injurious to truck crops. The leafhoppers of the sugar 
beet and their relation to the ‘‘curly-leaf”’ condition. By E. D. Ball. pp. iv.+33- 
52, pls. I-IV. Issued January 27, 1909. Price 10 cents. Postage 2 cents. 

'No. 66, Part V. Some insects injurious to truck crops. The semitropical army worm 
[Prodenia eridania Cram.|. By F. H. Chittenden and H.M. Russell. pp. 11-53-70, 
figs. 8-11. Issued January 28, 1909. Price 5 cents. Postage 1 cent. 

No. 66, Part VI. Some insects injurious to truck crops. The hop flea-beetle. [Psyl- 
liodes punctulata Melsh.]| By F. H. Chittenden. pp. iv+71-92, figs. 12-19, pls. 
V-VII. Issued May 8, 1909. Price 10 cents. Postage 2 cents. 
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No. 66, Part VII. Some insects injurious to truck crops. Miscellaneous notes on 
truck-crop insects. By F. H. Chittenden. pp. 1i+93-97. Issued July 19, 1909, 
Price 5 cents. Postage 1 cent. 

No. 67. Proceedings of the nineteenth annual meeting of the Association of Economie 
Entomologists. pp. 145, figs.7, pl. 1. Issued November 25, 1907. Price 20 cents. 
Postage 5 cents. 

No. 68, Part I. Papers on deciduous fruit insects and insecticides. The pear thrips 
[Euthrips pyrt Daniel]. By Dudley Moulton. pp. iv+1-16, figs. 1-8, pls. I-I. 
Issued June 10, 1907. Out of print. 

Same, revised edition. pp. iv+1-16, figs. 1-8, pls. I-II. Issued September 20, 
1909. Price 10 cents. Postage 2 cents. 

No. 68, Part II. Papers on deciduous fruit insects and insecticides. The spring 
canker-worm [Paleacrita vernata Peck]. By A. L. Quaintance. pp. ii+17-22, pls. 
III-IV. Issued July 6, 1907. Price 5 cents. Postage 1 cent. . 

No. 68, Part III. Papers.on deciduous fruit insects and insecticides. The trumpet 
leaf-miner of the apple [Tischeria malifoliella Clemens]. By A. L. Quaintance. 
pp. iv-+23-30, fig. 9, pl. V. Issued October 15, 1907. Price 5 cents. Postage 1 
cent. 

No. 68, Part LV. Papers on deciduous fruit insects and insecticides. The lesser peach 
borer [Synanthedon pictipesG. & R.]. By A. A. Girault. pp. ii+31-48, fig. 10, pl. 
VI. Issued October 17, 1907. Price 5 cents. Postage 2 cents. 

No. 68, Part V. Papers on deciduous fruit insects and insecticides. The lesser apple 
worm [narmonia prunivora Walsh]. By A. L. Quaintance. pp. 11+49-60, fig. 11, 
pl. VII. Issued January 8, 1908. Price 5 cents. Postage 1 cent. 

No. 68, Part VI. Papers on deciduous fruit insects and insecticides. Grape root- 
worm [Fidia viticida Walsh] investigations in 1907. By Fred Johnson. pp. ii+61- 
68, pls. VIII-LX. Issued April 24, 1908. Price 5 cents. Postage 1 cent. 

No. 68, Part VII. Papers on deciduous fruit insects and insecticides. Demonstration | 
spraying for the codling moth. pp. i1+69-76. Issued April 29, 1908. Price 5 
cents. Postage 1 cent. ) 

No. 68, Part VIII. Papers on deciduous fruit insects and insecticides. The grape-| 
leaf skeletonizer [Harrisina americana Guér.]. By P. R. Jones. pp. i1i+77-90, figs. - 
12-17. Issued January 20, 1909. Price 5 cents. Postage 1 cent. 

No. 68, Part IX. Papers on deciduous fruit insects and insecticides. The eee | | 
barkbeetle [Phleotribus liminaris Harr.]. By H. F. Wilson. pp. iv+91-108, figs. | 
18-20, pls. X-XI. Issued February 11, 1909. Price 5 cents. Postage 2 cents. 

No. 68-Sup. Papers on deciduous fruit insects and insecticides. Contents and index. 
pp. vili+109-117. Issued September 20, 1909. Price 5 cents. Postage 1 cent. 

No. 68. Papers on deciduous fruit insects and insecticides. pp. viii+117, figs. 20, 
pls. 11. [Issued in 9 parts, June, 1907-February, 1909.] Issued [November 2h, 
1909. Price 25 cents. Postage 6 cents. 

No. 69. The chinch bug [Blissus leucopterus Say]. By F. M. Webster. pp. 95, figs. | 
19. Issued June 21, 1907. Price 15 cents. Postage 4 cents. 

No. 70. Reports of the meeting of inspectors of apiaries, San Antonio, Tex., November 
12, 1906. pp. 79, pl. 1(col.). Issued June 17, 1907. Out of print. 

No. 71. The periodical cicada [Tibicen septendecim L.]. By C. L. Marlatt. pp. 181, 
front. (col.), figs. 68, pls.6. Issued July 18, 1907. Price 40 cents. Postage 9 
cents. 

No. 72. Information concerning the North American fever tick | Margaropus (Boophi-— 
lus) annulatus Say], with notes on other species. By W. D. Hunter and W. A. 
Hooker. pp. 87, figs. 13, pls. 4. Issued November 2, 1907. Price 15 cents. Post- 
age 4 cents. 
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‘No. 73. Studies of parasites of the cotton boll weevil [Anthonomus grandis Boh.|. By 
W. Dwight Pierce. pp. 63, figs. 6, pls.3. Issued January 21, 1908. Price 10 cents. 

- Postage 3 cents. 

No. 74. Some factors in the natural control of the Mexican cotton boll weevil [Antho- 
nomus grandis Boh.]. By W. E. Hinds. pp. 79, figs. 2, pls. 4. Issued December 
14, 1907. Price 15 cents. Postage 4 cents. 

“No. 75, Part I. Miscellaneous papers on apiculture. Production and care of extracted 
honey. By E. F. Phillips. Methods of honey testing for bee keepers. By C. A. 

' Browne. pp.ii+1-18. Issued December 19,1907. Price5cents. Postage 1 cent. 

(No. 75, Part II. Miscellaneous papers on apiculture. Wax moths [Galleria mellonella 

L. and Achroia grisella Fab.] and American foul brood. By E. F. Phillips. pp. 

1i+19-22, pls. I-III. Issued December 31, 1907. Price 5 cents. Postage 1 cent. 

INo. 75, Part III. Miscellaneous papers on apiculture. Bee diseases in Massachusetts. 

_ By Burton N. Gates. pp. 1i1+23-32, pl. IV (folded map). Issued June 30, 1908. 

} Price 5cents. Postage 1 cent. 

No. 75, Part IV. Miscellaneous papers on apiculture. The relation of the etiology 

(cause) of bee diseases to the treatment. By G. F. White. pp. 1+33-42. Issued 

December 26, 1908. Price 5 cents. Postage 1 cent. 

(No. 75, Part V. Miscellaneous papers on apiculture. A brief survey of Hawaiian bee 

keeping. By E. F. Phillips. pp. 1i+43-58, pls. V-X. Issued January 19, 1909. 

Price 15 cents. Postage 2 cents. 

«No. 75, Part VI. Miscellaneous papers on apiculture. The status of apiculture in the 

‘ United States. By E. F. Phillips. pp ii+59-80. Issued January 25, 1909. 

. Price 5cents. Postage 1 cent. 

-No. 75, Part VII. Miscellaneous papers on apiculture. Bee keeping in Massachusetts. 

- By Burton N. Gates. pp. 11+81-109, figs. 2. Issued May 24, 1909. Price 5 cents. 
Postage 2 cents. 

(No. 76. Fumigation for the citrus white fly, as adapted to Florida conditions. By 

( A.W. Morrill. pp. 73, figs. 11, pls. 7. Issued October 31, 1908. Price 15 cents. 
Postage 4 cents. 

‘No. 77. Hibernation of the Mexican cotton boll weevil [Anthonomus grandis Boh.]. 
By W. E. Hinds and W. W. Yothers, under the direction of W. D. Hunter. pp. 106, 
figs. 9, pls. 10. Issued October 18, 1909. Price 25 cents. Postage 6 cents. 

‘No. 78. Economic loss to the people of the United States through insects that carry 
disease. By L.O. Howard. pp. 40. Issued March 18, 1909. Out of print. 

Same, revised edition. pp. 40. Issued May 27, 1909. Price 10 cents. Postage 2 
cents. 

‘No. 79. Fumigation investigations in California. By R. S. Woglum. [Chemical 

_ work performed by the Miscellaneous Division of the Bureau of Chemistry.| pp. 
73, figs. 28. Issued June 11, 1909. Price 15 cents. Postage 3 cents. 

No. 80, Part I. Papers on deciduous fruit insects and insecticides. The codling moth 
[Carpocapsa pomonella L.j in the Ozarks. By E. L. Jenne. pp. iv+1-32, figs. 1-8. 

_ Issued June 26, 1909. Price 10 cents. Postage 1 cent. 

‘No. 80, Part II. Papers on deciduous fruit insects and insecticides. The cigar case- 

bearer [Coleophora fletcherella Fernald]. By A. G. Hammar. pp. iv+33-44, figs. 
9-12, pls. I-II. Issued June 30,1909. Price 10 cents. Postage 2 cents. 

No. 80, Part I11. Papers on deciduous fruit insects and insecticides. Additional ob- 
servations on the lesser apple worm [Enarmonia prunivora Walsh]. By S. W. Foster 
and P. R. Jones. pp. iv+45-50, pl. III. Issued August 12, 1909. Price 5 cents. 

_ Postage 1 cent. 

No. 80, Part IV. Papers on deciduous fruit insects and insecticides. The pear thrips 

[Euthrips pyri Daniel] and its control. By Dudley Moulton. pp. iv+51-66, figs. 

13-17, pls. IV-VI. Issued September 1, 1909. Price 10 cents. Postage 2 cents. 
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No. 81. A list of works on North American entomology. Compiled for the use of 
students and other workers as well as for those about to begin the collection and 
study of insects. By Nathan Banks. pp. 120. Issued January 17,1910. Price 
15 cents. Postage 4 cents. at 

No. 82, Part I. Some insects injurious to truck crops. The Colorado potato beetle 
[Leptinotarsa decemlineata Say] in Virginia in 1908. By C. H. Popenoe. [In coop- 
eration with the Virginia Truck Experiment Station.] pp. iv+1-8, pls. I-If, | 
Issued July 28, 1909. Price 5 cents. Postage 1 cent. | 

No. 82, Part II. Some insects injurious to truck crops. The parsnip leaf-miner | 
[Acidia fratria Loew]. The parsley stalk weevil | Listronotus latiusculus Boh.]. The 
celery caterpillar [Papilio polyxenes Fab.]. By F.H. Chittenden. pp. iv+9-24, 
figs. 1-6. Issued November 30, 1909. Price 5 cents. Postage 1 cent. 

No. 82, Part III. Some insects injurious to truck crops. The Lima-bean pod-borer | 
[Etiella zinckenella Treit.]. The yellow-necked flea-beetle [Disonycha mellicollis 
Say]. By F. H. Chittenden. pp. iv+25-32, fig. 7. Issued December 28, 1909. 
Price 5 cents. Postage 2 cents. . 

No. 83, Part I. Practical information on the scolytid beetles of North American for- 
ests. I. Barkbeetles of the genus Dendroctonus. By A. D. Hopkins. pp. xvi+ 
1-169, figs. 1-102, pls. I-II. Issued October 11, 1909. Price 25 cents. Postage 
7 cents. 

No. 84. Fumigation of apples for the San Jose scale [Aspidiotus perniciosus Comst.]. 
By A. L. Quaintance. pp. 48, figs. 3, pls. 2 (col.). Issued September 30, 1909, 
Price 20 cents. Postage 3 cents. 

No. 85, Part I. Papers on cereal and forage insects. The lesser clover-leaf weevil 
[Phytonomus nigrirostris Fab.]. By F.M. Webster. pp. iv-+1-12, figs.1-8. Issued 
November 18, 1909. Price 5 cents. Postage 1 cent. 

No. 85, Part II. Papers on cereal and forage insects. The slender seed-corn ground- 
beetle [Clhivina impressifrons Lec.]. By W. J. Phillips. pp. iv+13-28, figs. 8-13. 
Issued November 30, 1909. Price 5 cents. Postage 2 cents. 


CIRCULARS, FIRST SERIES. 


[Nore.—The number published in this series exceeded 40, nearly all being circular 
letters, of which Nos. 1, 18, and 22 are the only ones known to exist. | 


No. 1. [Relating to silk-worm eggs.]| n.d. (Cire.) Out of print. 

No. 18. [Establishment of the branch of economic ornithology.] July 1, 1885. (Circ.) 
Out of print. . 

No. 22. [Bee culture.| July 28, 1885. (Circ.) Out of print. 


CIRCULARS, SECOND SERIES. 


No. 1. Condensed information concerning some of the more important insecticides. 

spp. May, 1891...; Outof print. 

No. 2. The hop plant-louse [Phorodon humuli Schr.] and the remedies to be used 
againstit. pp. 7, figs.5, pl.1. June, 1891. c 

No. 3. An important enemy to fruit trees. The San Jose scale [Aspidiotus perniciosus 
Comst.]: Its appearance in the eastern United States; measures to be taken to 
prevent its spread and to destroy it. By L. O. Howard. pp. 10, figs. 5. April 4; 
1893. Out of print. 

No. 4. The army worm (Leucania unipuncta Haw.). By L. O. Howard. pp. 4, figs. 
3. June 16, 1894. Out of print. 

No. 5. The carpet beetle or ‘‘buffalo moth” (Anthrenus scrophulariz L.). By L. Os 
Howard. pp. 4, fig. 1. September 8, 1894. Out of print. 
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‘No. 5. Revised edition. pp. 4, fig.1. Issued August 10, 1908. 

iNo. 6. The Mexican cotton-boll weevil (Anthonomus grandis Boh.).. By L. O. How- 

‘ard. pp. 5, figs. 3. April 2, 1895. 

‘Same, Spanish edition. pp. 6, figs. 2. 

No. 7. The pear-tree psylla (Psylla pyricola Foerst.). By ©. L. Marlatt. pp. 8, figs. 

m 6. May 1, 1895. 

‘No. 8. The imported elm leaf-beetle (Galerucella luteola Miill.; Galeruca xanthomelxna 

' Schrank). ByC.L. Marlatt. pp.4,fig.1. May 23,1895. Out of print. 

Same, revised edition. pp.6, fig.1. Issued September 22, 1908. 

No. 9. Cankerworms [Paleacrita vernata Peck and Alsophila (Anisopteryx) pometaria 

) Harr.J. By D. W. Coquillett. pp. 4, figs. 4. May 24, 1895. 

No. 10. The Harlequin cabbage bug, or calico back (Murgantia histrionica Hahn). 
By L. O. Howard. pp. 2, fig. 1. May 24, 1895. Out of print. (Superseded by 
No. 103.) 

No. 11. The rose chafer [Macrodactylus subspinosus Fab.]. By F. H. Chittenden. 
pp. 4, fig. 1. May 21, 1895. Out of print. 

Same, revised. pp. 4, fig.1. Issued July 6, 1909. 

No. 12. The Hessian fly (Cecidomyia destructor Say). By C. L. Marlatt.. pp. 4. July 
26, 1895. Out of print. 

Same, revised edition. pp. 4. April 13, 1900. Out of print. (Superseded by 
No. 70.) 

No. 13. Mosquitoes and fleas. By L. O. Howard. pp. 4. February 1, 1896. Out, 
of print. 

Same, revised edition. November 15, 1897. Out of print. (Superseded in part by 
No. 108.) 

No. 14. (Revision of No. 6.) The Mexican cotton-boll weevil (Anthonomus grandis 
Boh.). By L.O. Howard. pp. §8, figs.5. February 12,1896. Out of print. 

Same, Spanish edition. pp. 8, figs.5. May18,1896. Out of print. 

No. 15. General work against insects which defoliate shade trees in cities and towns. 
By L. O. Howard. pp.4. March 6, 1896. (In advance from an article entitled 
“The shade-tree insect problem in the eastern United States,’’ to be published in 
the Yearbook of the Department for 1895.) Out of print. 

No. 16. The larger corn stalk-borer (Diatrxa saccharalis Fab.). By L. O. Howard. 
pp. 3, figs. 3. August 13, 1896. 

No. 17. The peach-tree borer (Sannina exitiosa Say). By C. L. Marlatt. pp. 4, fig. 1. 
September 30, 1896. .Out of print. (Superseded by No. 54.) 

No. 18. (Revision of No. 14.) The Mexican cotton-boll weevil (Anihonomus grandis 
Boh.). By L. O. Howard. pp. 8, figs.5. February 4, 1897. 

Same, Spanish edition. pp.10. Out of print. 

Same, German edition. pp.1l. Out of print. 

No. 19. The clover mite (Bryobia pratensis Garman). By ©. L. Marlatt. pp. 4, fig. 1. 
March 5, 1897. Out of print. 

Same, second edition. pp. 4, fig. 1. July 19, 1897. 

No. 20. The woolly aphis of the apple (Schizoneura lanigera Hausm.). By ©. L. 

| Marlatt. pp. 6, figs.2. March 15,1897. Out of print. 

Same, revised edition. pp. 6, figs.2. June 23, 1908. 

No. 21. The strawberry weevil (Anthonomus signatus Say). By F. H. Chittenden. 
pp. 7, figs.4. March 18, 1897. Out of print. 

Same, revised edition. pp. 10, figs. 5. Issued September 19, 1908. 

‘No. 22. The periodical cicada in 1897. By E. A. Schwarz. pp.4. May 1, 1897. 

No. 23. The buffalo tree-hopper (Ceresa bubalus Fab.). By ©. L. Marlatt. pp. 4, 
figs. 2. May 10, 1897. 
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No. 24. The two-lined chestnut borer (Agrilus bilineatus Weber). By F. H. Chitten- 
den. pp. 8, fig. 1. July 14,1897. Out of print. . : 

Same, revised edition. pp. 7, fig. 1. Issued January 20, 1909. ; 

No. 25. The ox warble (Hypoderma lineata Villers). By C. L. Marlatt. pp. 10, 
figs. 10. July 19, 1897. , 

No. 26. The pear slug (Eriocampoides limacina Retzius). By ©. L. Marlatt. pp. 7, 
figs. 4. August 28, 1897. | 

No. 27. The Mexican cotton-boll weevil in 1897. By L.O. Howard. pp.7. Decem- | 
ber 31, 1897. Out of print. | | 

No. 28. The box-elder plant-bug (Leptocoris trivittatus Say). By L. O. Howard. 
pp. 3, fig. 1, January 8, 1898. 

No. 29. The fruit-tree bark-beetle (Scolytus rugulosus Ratz.). By F. H. Chittenden. 
pp. 8, figs. 5. March 25, 1898. Out of print. 

Same, revised edition. March 25, 19038. 

No. 30. The periodical cicada in 1898. By E. A. Schwarz. pp. 3. April 1, 1898. 
Out of print. 

No. 31. The striped cucumber beetle (Diabrotica vittata Fab.). By F. H. Chittenden. 
pp. 7, figs. 2. April 26, 1898. Out of print. 

Same, revised edition. pp. 6, figs. 2. June 9, 1903. Out of print. 

Same, second revision. pp. 8, figs. 2. Issued May 22, 1909. 

No. 32. The larger apple-tree borers. By F. H. Chittenden. pp. 12, figs.3. July 1 
1898. Out of print. 

Same, revised edition. pp. 12, figs.3. August 30, 1902. Out of print. 

Same, second revise. pp. 11, figs. 3. April 8, 1905. Out of print. 

Same, third revise. pp. 11, figs. 3. Issued December 10, 1907. 

No. 33. Remedial work against the Mexican cotton-boll weevil. By L. O. Howard. 
pp. 6. July 1, 1898. (Supplementary to circulars 18 and 27.) Out of print. 

No. 34. House ants (Monomorium pharaonis et al.). By C. L. Marlatt. pp. 4, figs. 3. 
July 6, 1898. Out of print. 

Same, revise. pp. 4, figs. 3. Issued June 12, 1907. 

No. 35. House flies ( Musca domestica et al.). By L.O. Howard. pp. 8, figs.6. July 
11, 1898. Out of print. (Superseded by No. 71.) 

No. 36. The true clothes moths (Tinea pellionella et al.). By C. L. Marlatt. pp. 8, 
figs. 3. July 18, 1898. Out of print. 

Same, revise. pp. 8, figs. 3. Issued January 15, 1908. 

No. 37. The use of hydrocyanic-acid gas for fumigating greenhouses and cold frames. 
By Albert F. Woods and P. H. Dorsett. pp. 10, figs. 3. January 10, 1899. Out of 
print. 

Same, corrected print. (Compare page 8.) pp. 10, figs. 3. January 10, 1899. Out 
of print. 

Same, revised edition. pp. 10, figs. 3. October 2, 1908. Out of print. 

Same, second revise. pp. 11, figs. 3. Issued April 3, 1908. 

No. 38. The squash-vine borer ( Melittia satyriniformis Hbn.). By F. H. Chittenden. 
pp. 6, figs. 2. April 22, 1899. Out of print. 

Same, revised edition. pp. 6, figs. 2. November 19, 1903. Out of print. 

Same, second revise. pp. 6, figs. 2. Issued September 3, 1908. 

No. 39. The common squash bug (Anasa tristis De G.). By F. H. Chittenden. pp. 
5, figs. 3. May 5, 1899. ee of print. 

Same, revised edition. pp. 5, figs.3. March 23, 1905. Out of print. 

Same, second revise. pp. 5, ined 3. Issued July 28, 1908. 

No. 40. How to distinguish the different mosquitoes of North America. By L. O. 
Howard (with synoptical tables of the North American mosquitoes; by D. W. 
Coquillett). pp. 8, figs. 3. February 20, 1900. Out of print. 
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-No.*40. Second print. pp. 8, figs. 3. [1901.] Out of print. 
No. 41. Regulations of foreign governments regarding importation of American age 

trees, and fruits. By L.O. Howard. pp.4. August 24, 1900. 

No. 42. How to control the San Jose scale. By C. L. Marlatt. pp. 6. October 22, 
1900. Out of print. 

Same, revised. pp.6. May 17, 1902. Out of print. 

Same, second edition. May 26, 1902. Out of print. 

Same, third edition. April 6, 1903. Out of print. 

Same, fourth edition. pp.8. March 10, 1906. Out of print. 

Same, fifth edition. pp.7. [March 31] 1909. 

No. 43. The destructive green pea louse (Nectarophora destructor Johns.). By F. H, 
Chittenden. pp. 8, figs.3. May 23,1901. Out of print. 

Same, second edition [entitled ‘‘The pea aphis (Macrostphum pisi Kalt.)’’|. pp. 10, 
figs. 7. Issued February 25, 1909. 

No. 44. The periodical cicada in 1902. By W. D. Hunter. pp. 4, figs. 2. March 13, 
1902. Out of print. 

No. 45. A new nomenclature for the broods of the periodical cicada. By C. L. Marlatt. 
pp.8. May 1,1902. Out of print. 

No. 46. Hydrocyanic-acid gas against household insects. By L. O. Howard. pp. 6. 
June 22, 1902. Out of print. 

Same, revised edition. pp.7. Issued February 20, 1907. Revised by C. L. Marlatt. 

No. 47. The bedbug (Cimex lectularius Linn.). By C. L. Marlatt. pp. 8, figs. 3. 
June 15, 1902. Out of print. 

Same, revised edition. pp. 8, figs. 3. Issued February 26, 1907. 

No. 48. The house centipede (Scutigera forceps Raf.). By C.L. Marlatt. pp. 4, figs. 
2. June 10, 1902. 

No. 49. The silver fish (Lepisma saccharina Linn.). By C. L. Marlatt. pp. 4, figs. 2 
June 20, 1902. 

No. 50. The white ant (Termes flavipes Koll.). By C. L. Marlatt. pp. 8, figs. 4. 
June 30, 1902. Out of print. 

Same, revised edition. pp. 8, figs. 4. Issued January 27, 1908. 

No. 51. Cockroaches. By C. L. Marlatt. pp. 15, figs. 5. June 23, 1902. Out of 
print. 

Same, revised edition. pp. 14, figs.5. Issued June 23, 1908. 

No. 52. The lime, sulphur, and salt wash. By C. L. Marlatt. pp. 8. February 20, 
1903. Out of print. 

Same, second edition. March 18, 1904. Out of print. 

No. 53. The yellow-winged locust (Camnula pellucida Scudd.). By C. B. Simpson. 
pp. 3, fig. 1. May 12, 1903. 

No. 54. The peach-tree borer (Sannina exitiosa Say). By C. L. Marlatt. pp. 6, fig. 1. 
October 19, 1903. 

No. 55. Powder-post injury to seasoned wood products. By A. D. Hopkins. pp. 5, 

fig. 1. November 20, 1903. 

No. 56. The most important step in the cultural system of controlling the boll weevil. 
By W. D. Hunter. pp.7. October 10, 1904. (Superseded by No. 95.) 

No. 57. The greenhouse white fly (Aleyrodes vaporariorum Westw.). By A. W. Morrill. 
pp. 9, fig. 1. February 15, 1905. 

No. 58. Report on the gypsy moth and the brown-tail moth, July, 1904. By C. L: 
Marlatt. pp.12, pl.1, map1. March 21, 1905. Out of print. 

No. 59. The corn root-worms. By F.H. Chittenden. pp. 8, figs.3. March 23, 1905. 

No. 60. The imported cabbage worm (Pontia rape Linn.). By F. H. Chittenden. 
pp. 8, figs. 6. April 28, 1905. 
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No. 61. Black check in western hemlock. By H.E. Burke. pp. 10, figs.5. May 24, 
1905. 
No. 62. The cabbage hair-worm. By F. H. Chittenden. pp. 6, fig. 1. May 17, 
. 1905. Out of print. 
Same, revised edition. pp. 6, fig. 1. Issued July 28, 1908. 
No. 63. Root-maggots and how to control them. By F. H. Chittenden. pp. 7, figs. 5. 
June 6, 1905. Out of print. 
Same, second edition. pp. 7, figs. 5. February 12, 1906. 
No. 64. The cottony maple scale (Pulvinaria innumerabilis Rathvon). By J. G. 
Sanders. pp. 6, figs.4. September 7, 1905. 
No. 65. The cotton red spider ( Tetranychus glovert Bks.). By E.S.G. Titus. pp. 5, 
figs. 2. October 30, 1905. 
No. 66. The joint-worm (Jsosoma tritici Fitch). By F. M. Webster. pp. 5, figs. 5, 
October 20, 1905. Out of print. 
Same, revised edition. pp. 7, figs. 6. Issued September 21, 1908. 
No. 67. The clover root-borer (Hylastinus obscurus Marsham), By F. M. Webster. 
pp. 5, figs. 4. December 28, 1905. 
No. 68. The tobacco thrips and remedies to prevent ‘‘ white veins” in wrapper tobacco 
_ (Euthrips nicotiane Hinds). By W. A. Hooker. pp. 5, figs. 2. February 26, 1906. 
No. 69. Some insects affecting the production of red cloverseed. By F. M. Webster. 
pp. 9, figs. 8. April 12, 1906. 
No. 70. The Hessian fly (Mayetiola [Cecidomyia] destructor Say). By F. M. Webster. 
pp. 16, figs. 16. April 14, 1906. 
No. 71. (Revision of Circular No. 35.) House flies (Musca domestica et al.). By 
L. O. Howard. pp. 9, figs. 9. March 27, 1906. Out of print. 
Same, revised edition. pp. 10, figs. 9. September 21, 1906. 

No. 72. Key to the known larve of the mosquitoes of the United States. By Harrison 
G. Dyar. pp. 6, fig. 1. April 27, 1906. 
No. 73. The plum curculio (Conotrachelus nenuphar Herbst). By Fred Johnson and 

A. A. Girault. pp. 10, figs. 5. April 14, 1906. 
No. 74. The periodical cicada in 1906. By C. L. Marlatt. pp. 5, figs. 3. April 16, 
1906. 
No. 75. Requirements to be complied with by nurserymen or others who make inter- 
state shipments of nursery stock. By A. F. Burgess. pp. 6. July 5, 1906. Out 
, of print. 
Same, revised edition. pp.7. Issued July 24, 1908. Out of print. 
Same, second revision. pp. 9. Issued August 7, 1909. 
No. 76. List of publications of the Bureau of Entomology. Compiled by Mabel 
Colcord. pp. 21. September 24, 1906. Out of print. 
Same, revised to March 1, 1908. pp. 28. Out of print. 
Same, revised to May 1, 1909, pp. 29. Out of print. 
Same, revised to February 1, 1910. pp. 32. 
No. 77. Harvest mites, or ‘‘chiggers.’”? By F. H. Chittenden. pp. 6, figs. 3. Sep- 
tember 29, 1906. ; 
No. 78. The slender seed-corn ground-beetle (Clivina impressifrons Lec.). By F. M. 
. Webster. pp. 5, figs. 2. October 4, 1906. Out of print. 
No. 79. The brood diseases of bees. By E. F. Phillips. pp. 5. October 3, 1906. 
No. 80. The melon aphis (Aphis gossypii Glov.). By F. H. Chittenden. pp. 16, 
figs.6. November 14, 1906. 
No. 81. The aphides affecting the apple. By A. L. Quaintance. pp. 10, figs. 8. 
Issued March 9, 1907. 
No. 82. Pinhole injury to girdled cypress in the South Atlantic and Gulf States. 
By A. D. Hopkins. pp. 4, fig. 1. Issued January 2, 1907. 
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No. 83. The locust borer [Cyllene robinie Forst.] and methods for its control. By 

_ A.D. Hopkins. pp. 8, figs. 4. Issued February 19, 1907. 

No, 84. The grasshopper problem and alfalfa culture. By F. M. Webster. pp. 10, 

 figs.8. Issued April 6, 1907. : 

No. 85. The spring grain-aphis (Zoxoptera graminum Rond.). By F, M. Webster. 
pp. 7, figs. 3. Issued March 29, 1907. (See also No. 93.) 

No. 86. The corn leaf-aphis [Aphis maidis Fitch] and corn root-aphis [Aphis maidi- 

| radicis Forbes]. By F.M. Webster. pp. 13, figs. 4. Issued May 6, 1907. 

_No. 87. The Colorado potato beetle (Leptinotarsa decemlineata Say). By F. H. Chit- 

tenden. pp. 15, figs. 6. Issued June 3, 1907. 

No. 88. The terrapin scale (Hulecanium nigrofasciatum Pergande.). By J.G. Sanders. 
pp. 4, figs. 3. Issued May 14, 1907. 

No. 89. The periodical cicada in 1907 (Tibicen septendecim L., race tredecum Walsh- 
Riley). By ©. L. Marlatt. pp. 4, figs. 3. Issued May 14, 1907. 

No. 90. The white-pine weevil | Pissodes strobi Peck]. By A.D. Hopkins. pp. 8, figs. 
6. Issued June 18, 1907. 

No. 91. Note on the occurrence of the North American fever tick [| Margaropus ( Boopin- 
lus) annulatus Say] on sheep. By W. D. Hunter. pp. 3. Issued July 3, 1907. 
No, 92. Mites and lice on poultry. By Nathan Banks. pp. 88, figs. 6. Issued 

‘September 25, 1907. 
No. 93. The spring grain-aphis or so-called “‘green bug” ( T'oxoptera graminum Rond.). 
. By F.M. Webster. pp. 18, figs. 7. Issued August 22, 1907. Out of print. 
_ Same, revised. pp. 22, figs. 10. Issued June 23, 1909. 
No. 94. The cause of American foul brood [Bacillus larve|. By G. F. White. pp. 4. 
Issued July 29, 1907. i 
No. 95. (Revision of Circular No. 56.) The most important step in the control of the 
boll weevil [Anthonomus grandis Boh.]. By W.D. Hunter. pp.8. Issued October 
. 8,.1907. Out of print. 
Same, revised edition. pp. 8. Issued September 21, 1908. 
Same, French edition. pp. 11. Issued January 21, 1909. 
No. 96. The catalpa sphinx (Ceratomia catalpe Bdv.). By L. O. Howard and F. H. 
Chittenden. pp. 7, figs. 2. Issued December 16, 1907. 
No. 97. The bagworm (Thyridopteryx ephmerxformis Haw.). By L. O. Howard and 
_F.H. Chittenden. pp. 10, figs. 11. Issued February 6, 1908. 
No. 98. The apple-tree tent caterpillar (Malacosoma americana Fab.). By A. L. 
Quaintance. pp. 8, figs. 4. Issued January 28, 1908. 
No, 99. The nut weevils. By F. H. Chittenden. pp. 15, figs. 14. Issued March 6, 
- 1908. 
No. 100. (In preparation.) 
No. 101. The apple maggot or “‘railroad worm” (Rhagoletts [ Try peta) pomonella Walsh). 
By A. L. Quaintance. pp. 12, figs. 2. Issued May 4, 1908. 
No. 102. The asparagus beetles. By F. H. Chittenden. pp. 12, figs. 7. Issued 
May 20, 1908. 
No. 103. The harlequin cabbage bug ( Murgantia histrionica Hahn). By I. H. Chit- 
tenden. pp. 10, fig. 1. Issued June 20, 1908. , 
No. 104. The common red spider ( Tetranychus bimaculatus Harvey). By F. H. Chit- 
_..tenden. pp. 11, figs. 4. Issued January 26, 1909. 
No. 105. The rose slugs. By F. H. Chittenden. pp. 12, figs. 5. Issued October 5, 
1908. 
No. 106. The wheat strawworm (Jsosoma grande Riley). By F. M. Webster. pp. 15, 
. figs. 13. Issued May 13, 1909. 


@ Reprinted from Yearbook of the Department of Agriculture for 1904. pp. 299-310, 
pls. XX VIII-X XX, figs. 17-26. 
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No. 107. What can be done in destroying the cotton boll weevil during the winter. . 
By W.D. Hunter. pp. 4. Issued January 12, 1909. | 

No. 108. House fleas. By L. O. Howard. pp. 4, figs. 2. Issued February 11, 1909: 

No. 109. The leopard moth (Zeuzera pyrina Fab.). By L. O. Howard and F. HL. Chit 
tenden. pp. 8, figs. 2. Issued July 6, 1909. 

No. 110. The green-striped maple worm (Anisota rubicunda Fab.). By L. O. Howard 
and F. H. Chittenden. pp. 7, figs. 3. Issued July 10, 1909. | 

No. 111. Preparations for winter fumigation for the citrus white fly [Aleyrodes citri 
Riley and Howard]. By A. W. Morrill and W. W. Yothers. pp. 12, figs.4. Issued — 
September 29, 1909. 

No. 112. (In preparation.) 

No. 113. The chinch bug (Blissus leucopterus Say). By F. M. Webster. pp. 27, 
figs. 8. Issued November 13, 1909. 

No. 114. The Euonymus scale (Chionaspis euonymi Comstock.) By J. G. Sanders. 
pp. 5, figs. 2. Issued November 24, 1909. 


TECHNICAL SERIES. 


No. 1. Revision of the Aphelinine of North America, a subfamily of Hymenopterous 
parasites of the family Chalcidide. By L. O. Howard. pp. 44, figs. 14. 1895. 
Out of print. 

No. 2. The grass and grain joint-worm flies and their allies: A consideration of some 
North American phytophagic Eurytomine. By L. O. Howard. pp. 24, figs. 10. 
1896. Out of print. 

No. 3. Revision of the Nematine of North America, a subiamily of leaf-feeding 
Hymenoptera of the family Tenthredinide. By C. L. Marlatt. pp. 135, figs. 10, 
pl. 1. 1896. Out of print. 

No. 4. Some Mexican and Japanese injurious insects liable to be introduced into the 
United States. pp. 56, figs.6. 1896. Out of print. 

No. 5. A study in insect parasitism: A consideration of the parasites of the white- 
marked tussock moth [Hemerocampa (Orgyia) leucostigma S. & A.], with an account 
of their habits and interrelations, and with descriptions of new species. By L.O. 
Howard. pp. 57, figs. 24. 1897. Out of print. 

No. 6. The San Jose scale [Aspidiotus perniciosus Comst.] and its nearest allies. A 
brief consideration of the characters which distinguish these closely related scale 
insects. By T.D.A.Cockerell. pp. 31, figs.15. 1897. Out of print. 

No. 7. Revision of the Tachinide of America north of Mexico. A family of parasitic 
two-winged insects. pp. 156. 1897. (Corrected index issued December, 1897.) 
Price 10 cents. Postage 7 cents. 

No. 8. Contributions to a monograph of the American Aleurodide. By A. L. Quain- 
tance. The red spiders of the United States (Tetranychus and Stigmeeus). By 
Nathan Banks. pp. 79, figs. 16, pls.8. 1900. Price 10 cents. Postage 4 cents. 

No. 9. The life history of two species of plant-lice [Hormaphis hamamelidis Fitch and 
Hamamelistes spinosus Shimer] inhabiting both the witch-hazel and birch. By 
Theo. Pergande. pp. 44, figs. 23. 1901. Price 5cents. Postage 2 cents. 

No. 10. The social organization and breeding habits of the cotton-protecting kelep of 
Guatemala [Ectatomma tuberculatum Oliv.]. By O. F. Cook. pp. 55. 1905. Price 5 
cents. Postage 3 cents. 

No. 11. A classification of the mosquitoes of North and Middle America. By D. W. 
Coquillett. pp.31, fig.1. 1906. Price5cents. Postage 2 cents. 

No. 12, Part I. Miscellaneous papers. Catalogue of recently described Coccide. 
By J.G. Sanders. pp.1-18. June 5, 1906. Price 10 cents. Postage 2 cents. 
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No. 12, Part Il. Miscellaneous papers. Habits and life histories of some flies of the 

_ family Tabanide. By James S. Hine. pp.iv+19-38, figs. 1-12. August 29, 1906 
Price 10 cents. Postage 2 cents. 

No. 12, Part III. Miscellaneous papers. A contribution to our knowledge of the 
Thysanoptera of California. By Dudley Moulton. pp. vi+39-68, pis. I-VI. 
Issued April 5, 1907. Price Scents. Postage 2 cents. 


No. 12, Part IV. (Supplement to Technical Series No. 1.)° Miscellaneous papers. 


or 


New genera and species of Aphelininz, with a revised table of genera. By L. O. 
Howard. pp. iv+69-88, figs. 13-22. Issued July 12,1907. Price 5 cents. Post- 
age 1 cent. 

No. 12, Part V. Miscellaneous papers. The more important Aleyrodide infesting 
economic plants, with description oi a new species [Aleyrodes howardi] infesting the 
orange. By A.L. Quaintance. pp. iv+89-94, figs. 23-24, pl. VII. Issued October 
21,1907. Price Scents. Postage 1 cent. 


No. 12, Part VI. Miscellaneous papers. A record of results from rearings and dis- 


sections of Tachinide. By Charles H. T. Townsend. pp. iv+95-118, figs. 25-30. 
Issued September 18, 1908. Price 5cents. Postage 2 cents. 

No. 12, Part VII. Miscellaneous papers. The orange thrips. By Dudley Moulton. 
pp. 1i+119-122, pl. VIII. Issued February 11, 1909. Price 5 cents. Postage 1 

— cent. 

No. 12, Part VIII. Miscellaneous papers. Biological studies on three species of 
Aphidide. By John June Davis. - pp. ii+123-168, figs. 31-34. Issued February 
20, 1909. Price 10 cents. Postage 2 cents. 

No. 12, Part IX. Miscellaneous papers. A new genus of Aleyrodidz, with remarks 
on Aleyrodes nubifera Berger and Aleyrodes citri Riley and Howard. By A. L. 
Quaintance. pp. ii+169-174, figs. 35-36. Issued September 1, 1909. Price 5 
cents. Postage | cent. 

No. 13. A revision of the Tyroglyphide of the United States. By Nathan Banks. 
pp. 34, pls. 6. Issued November 14, 1906. Price 10 cents. Postage 3 cents. 

No. 14. The bacteria of the apiary, with special reference to bee diseases. By Ger- 
shom Franklin White. pp. 50. Issued November 6, 1906. Price 10 cents. 
Postage 3 cents. 

No. 15. A revision of the Ixodoidea, or ticks, of the United States. By Nathan 
Banks. pp. 61, pls. 10. Issued June 6, 1908. Price 15 cents. Postage 3 cents. 

No. 16, Part I. Papers on Coccide or scale insects. The National collection of Coc- 
cide. By C. L. Marlatt. pp. iii+1-10. Issued April 23, 1908. Price 5 cents. 
Postage 1 cent. 

No. 16, Part II. Papers on Coccide or scale insects. New species of Diaspine scale 
insects. By C. L. Marlatt. pp. ii+11-32, pls. I-IX. Issued August 5, 1908. 
Price 15 cents. Postage 2 cents. 


No. 16, Part III. Papers on Coccide or scale insects. Catalogue of recently described 


y 


Coccide. II.¢ By J. G. Sanders. pp. ii+33-60. Issued December 22, 1909. 
Price 5 cents. Postage 2 cents. 

No. 17, Part I. Contributions toward a monograph of the scolytid beetles. I. The 
genus Dendroctonus. By A. D. Hopkins. pp. xiv+1-—164, figs. 1-95, pls. I-VIII. 
Issued June 30, 1909. Price 25 cents. Postage 7 cents. 

No. 18. (In preparation.) 

No. 19, Part I. Technical results from the Gipsy Moth Parasite Laboratory. I. The 
parasites reared or supposed to have been reared from the eggs of the gipsy moth. 
By L. O. Howard. pp. vi+1-12, figs. 1-7. Issued January 28, 1910. Price 5 
cents. Postage 1 cent. 


' @Catalogue of recently described Coccide, I, was published as Technical Series 12, 
Part I, 
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SPECIAL REPORTS. 


Bibliography of the more important contributions to American economic entomology. 

- Prepared by Samuel Henshaw. Part I. The more important writings of Ben- 
jamin Dann Walsh. pp. 49. 1889. Out of print. 

Bibliography of the more important contributions to American economic entomology. 
Part II. The more important joint writings of B. D. Walsh and CG. V. Riley. 
pp. 51-96. 1889. Out of print. 

Bibliography of the more important contributions to American economic entomology. 
Part III. The more important writings of Charles Valentine Riley. pp. 97-371. 
1889. Out of print. 

Bibliography of the more important contributions to American economic entomology. 
Index to Parts I, II, and III. pp. 1+373-454. 1890. Out of print. 

Same, 51st Cong., Ist sess., H. Mis. Doc. 133, serial No. 2768. 

Bibliography of the more important contributions to American economic entomology. 
Part IV. By Samuel Henshaw. The more important writings of Government 
and State entomologists, and of other contributors to the literature of American 
economic entomology. A-K. pp. 167. 1895. Out of print. . 

Bibliography of the more important contributions to American economic entomology. 
Part V. By Samuel Henshaw. The more important writings of Government and 
State entomologists, and of other contributors to the literature of American eco- 
nomic entomology. L-Z. pp.179. 1896. Out of print. 

Bibliography of the more important contributions to American economic entomology. 
Part VI. The more important writings published between June 30, 1888, and 
December 30, 1896. Prepared under the direction of the Entomologist, by Nathan 
Banks, Assistant. pp. 273. 1898. Out of print. 

Bibliography of the more important contributions to American economic entomology. 
Part VII. The more important writings published between December 31, 1896, 
_and January 1, 1900. Prepared under the direction of the Entomologist, by Nathan 
Banks, Assistant. pp. 118. 1901. Price, cloth, 20 cents. Postage 3 cents. 

Bibliography of the more important contributions to American economic entomology. 
Part VIII. The more important writings published between December 31, 1899, 
and January 1, 1905. Prepared under the direction of the Entomologist, by Nathan 
Banks, Assistant Entomologist. pp. 132. 1905. Price 10 cents. Postage 3 cents. 


UNITED STATES ENTOMOLOGICAL COMMISSION. 


{Members of the Commission: C. V. Riley, A. S. Packard, and Cyrus Thomas. The 
Commission was attached to the United States Geological and Geographical Survey of 
the Territories, Department of the Interior, until March 3, 1881. The third report of 
the Commission inaugurated its transfer to the Department of Agriculture. Of the 
Bulletins, Nos. 1 and 2 were made under direction of the United States Geological 
and Geographical Survey of the Territories (Hayden); Nos. 3-7 under direction of the 
Interior Department; none was issued under the Agricultural Department. | 


BULLETINS. 


No. 1. Destruction of the young or unfledged locusts | Melanoplus (Caloptenus) spretus 
Ub): .pps42. 18774 Out otiprink: 

No. 2. On the natural history of the Rocky Mountain locust [ Melanoplus (Caloptenus) 
spretus Uhl.], and on the habits of the young or unfledged insects as they occur in 
the more fertile country in which they will hatch the present year. pp. 14, figs. 10, 
map 1. 1877. Out of print. 

No. 3. The cotton worm [Alabama (Aletia) argillacea Hiibn.]. Summary of its natural 
history, with an account of its enemies, and the best means of controlling it; being 
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a report of progress of the work of the Commission. By C. V. Riley. pp. 144, figs. 
84, pl. 1. 1880. Out of print. 

No. 4. The Hessian fly [ Mayetioia (Cecidomyia) destructor Say]. Its ravages, habits, 
enemies, and means of preventing its increase. By A.S. Packard. pp. 43, fig. 1, 
pls. 2, map 1. 1880. Out of print. 

No. 5. The chinch-bug [Blissus leucopterus Say]. Its history, characters, and habits, 
and the means of destroying it or counteracting its injuries. By Cyrus Thomas. 
pp. 44, figs. 10, map 1. 1879. Out of print. 

No. 6. General index and supplement to the nine reports on the insects of Missouri. 
By Charles V. Riley. pp.177. 1881. Out of print. 

No. 7. Insects injurious to forest and shade trees. By A.S. Packard. pp. 275, figs. 

— 100. 1881. Out of print. 

REPORTS. 


First annual report, for the year 1877, relating to the Rocky Mountain locust [| Melano- 
plus (Caloptenus) spretus Uhl.] and the best methods of preventing its injuries and 
of guarding against its invasions, in pursuance of an appropriation made by Congress 
for this purpose. With maps and illustrations. pp. xvi+477+294, figs. 111, pls. 5, 
maps 2. 1878. Out of print. 

Second report, for the years 1878 and 1879, relating to the Rocky Mountain locust 
{ Melanoplus (Calopienus) spretus Uhl.| and the western cricket [Anabrus simplex 
Hald.], and treating of the best means of subduing the locust in its permanent breed- 
ing grounds, with a view of preventing its migrations into the more fertile portions 
of the trans-Mississippi country, in pursuance of appropriations made by Congress 
for this purpose. With mapsand illustrations. pp. xvili+322-+80, figs. 10, pls. 17, 
maps 7. 1880. Out of print. 

Third report, relating to the Rocky Mountain locust, the western cricket, the army 
worm, canker worms, and the Hessian fly, together with descriptions of larve of 
injurious forest insects, studies of embryological development of the locust and of 
other insects, and on the systematic position of the Orthoptera in relation to other 
orders of insects. With maps and illustrations. pp. xiv+347+12+92, figs. 14, 
pls. 64, maps 3. 1883. Price, cloth, $1. Postage 20 cents. 

Same, 47th Cong., 2d sess., H. Mis. Doc. 44, serial No. 2154. 

Fourth report, being a revised edition of Bulletin No. 3, and the final report on the 
cotton worm [Alabama (Aletia) argillacea], together with a chapter on the boll worm 
[Heliothis obsoleta Fab. (H. armigera Hiibn.)|. By Charles V. Riley. With maps 
and illustrations. pp. xxxviii+399+147, figs. 45, pls. 64, maps 2. 1883. Price 
$1.25. Postage 22 cents. 

Same, 48th Cong., 2d sess., H. Mis. Doc. 39, serial No. 2325. 

_ Fifth report, being a revised and enlarged edition of Bulletin No. 7, on Insects injurious 
to forest and shade trees. By Aipheus§. Packard. pp. viii+ 957, figs. 306, pls. 40. 
1890. Out of print. 

- Same, 5list Cong., 1st sess., H. Mis. Doc. 269, serial No. 2800. 


INSECT LIFE. 


- Vol. I, Nos. 1-12, July, 1888, to June, 1889. Devoted to the economy and life habits 
of insects, especially in their relations to agriculture, and edited by the Entomolo- 
gist and his assistants. pp. xxxii+388, figs. 76. 1888-1889. Out of print. 

Same, No. 1, July, 1888. pp. 32, figs. 4. 1888. Out of print. 
Same, No. 2, August, 1888. pp. 33-62, figs. 5-9. 1888. Out of print. 

Same, No. 3, September, 1888. pp. 63-92, figs. 10-12. 1888. Out of print. 

Same, No. 4, October, 1888. pp. 93-122, figs. 13-23. 1888. Price 5 cents. Postage 
2 cents, 
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Vol. I, No. 5, November, 1888. pp. 123-162, figs. 24-35. 1888. Price 5 cents. Post- 
age 2 cents. a 

Same, No. 6, December, 1888. pp. 163-200, figs. 36-45. 1888. Price 5 cents. Post- 
age 2 cents. 

Same, No.7, January, 1889. pp. 201-230, figs. 46-49. 1889. Price 5cents. Postage 
2 cents. 

Same, No. 8, February, 1889. pp. 231-260, figs. 50-57. 1889. Price 5 cents. Post- 
age 2 cents. 

Same, No. 9, March, 1889. pp. 261-295, figs. 58-66. 1889. Price 5 cents. Postage 
2 cents. 

Same, No. 10, April, 1889. pp. 297-326, figs. 67-71. 1889. Price 5 cents. Postage 
2 cents. ae 

Same, No. 11, May, 1889. pp. 327-357, figs. 72-76. 1889. Price 5 cents. Postage 
2 cents. 

Same, No. 12, June, 1889. pp. 359-388-+-xxxii. 1889. Price 5 cents. Postage 3 
cents. 

Vol. II, Nos. 1-12, July, 1889, to June, 1890. Devoted to the economy and life habits 
of insects, especially in their relations to agriculture. Edited by C. V. Riley, Ento- 
mologist, and L. O. Howard, first assistant, with the assistance of other members of 
the divisional force. pp. viii+418, figs. 71. 1889-1890. Out of print. 

Same, No. 1, July, 1889. pp. 30. 1889. Out of print. 

Same, No. 2, August, 1889. pp. 31-60, figs. 1-6. 1889. Out of print. 

Same, No. 3, September, 1889. pp. 61-90, figs. 7-10. 1889. Price 5 cents. Postage 
2 cents. . 

Same, No. 4, October, 1889. pp. 91-123, figs. 11-18. 1889. Out of print. 

Same, No. 5, November, 1889. pp. 125-162, figs. 19-27. 1889. Price 5 cents. Post- — 
age 2 cents. 

Same, No. 6, December, 1889. pp. 163-197, figs. 28-35. 1889. Price 5 cents. Post- 
age 2 cents. 

Same, Nos. 7 and 8, January and February, 1890. pp. 199-262, figs. 36-56. 1890. _ 
Price 10 cents. Postage 3 cents. 

Same, No. 9, March, 1890. pp. 263-292, figs. 57-60. 1890. Price 5 cents. Postage — 
2 cents. 

Same, No. 10, April, 1890. pp. 293-333, figs. 61-64 [65]. 1890. Price 5 cents. Post- 
age 2 cents. { 

Same, Nos. 11 and 12, May and June, 1890. pp. 335-390, figs. 66-71. 1890. Price 10 
cents. Postage 3 cents. 

Vol. III, Nos. 1-12, August, 1890, to August, 1891. Devoted to the economy and life 
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habits of insects, especially in their relations to agriculture. Edited by C. V. Riley, 
Entomologist, and L. O. Howard, first assistant, with the assistance of other mem- 
bers of the divisional force. pp. viii+519, figs. 36, pl. 1. 1891. Out of print. 

Same, No. 1, August, 1890, with index to Vol. II. pp. 1-41, 393-418, figs. 1-3. 1890. 
Price 5 cents. Postage 3 cents. 

Same, No. 2, September, 1890. pp. 41-87, figs. 4-5. 1890. Price 5 cents. Postage 
3 cents. : 

Same, No. 3, November, 1890. pp. 89-129, figs. 6-19. 1890. Price 5 cents. Post- 
age 3 cents. 

Same, No. 4, November, 1890. pp. 131-178, figs. 20-21. 1890. Price 5cents. Post- 
age 3 cents. 

Same, No. 5, January, 1891. pp. 179-250. 1891. Price 5 cents. Postage 3 cents. 

Same, No. 6, March; 1891. pp. 251-304, figs. 22-26, Pl. I. 1891. Price 5 cents. 
Postage 3 cents. 
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Vol. III, Nos. 7 and 8, April, 1891. pp. 305-357, figs. 27-29. 1891. Price 10 cents. 

Postage 3 cents. 

Same, Nos. 9 and 10, June, 1891. pp. 359-432, fig. 30. 1891. Price 10 cents. Post- 

age 3 cents. 
Same, Nos. 11 and 12, August, 1891. pp. 433-519+ viii, figs. 31-36. 1891. Out of 
print. i 

‘Vol. IV, Nos. 1-12, October, 1891, to August, 1892. Devoted to the economy and life 

habits of insects, especially in their relations to agriculture. Edited by C. V. Riley, 

Entomologist, and L. O. Howard, first assistant, with the assistance of other members 

of the divisional force. pp. viii+441, figs. 77. 1892. Out of print. 

"Vol. V, Nos. 1-5, September, 1892, to July, 1893. Devoted to the economy and life 

habits of insects, especially in their relations to agriculture. Edited by C. V. Riley, 

Entomologist, and L. O. Howard, first assistant, with the assistance of other members 

' of the divisional force. pp. vii+402, figs. 47, pls. 3. 1898. Out of print. 

‘Vol. VI, Nos. 1-5, November, 1893, to August, 1894. Devoted to the economy and 
life habits of insects, especially in their relations to agriculture. Edited by C. V. 

f Riley, Entomologist, and L. O. Howard, first assistant, with the assistance of other 

| members of the divisional force. pp. vi+405, figs. 31. 1894. Out of print. 
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Vol. VII, Nos. 1-5, September, 1894, to July, 1895. Devoted to the economy and 
life habits of insects, especially in their relations to agriculture. Edited by L. O. 
Howard, Entomologist, with the assistance of other members of the divisional force. 

pp. v+448, figs. 48. 1895. Price, bound, 50 cents. Postage 15 cents. 
, General index to the seven volumes of Insect Life, 1888-1895. pp.145. 1897. Price 
15 cents. Postage 6 cents. 


FARMERS’ BULLETINS RELATING TO ENTOMOLOGY. 


/No. 7. Spraying fruits for insect pests and fungous diseases, with a special considera- 
tion of the subject in its relation to public health. pp. 20. 1892. Out of print. 
‘No. 19. Important insecticides: Directions for their preparation and use. By C. L. 

Marlatt. pp. 20. 1894. Outofprint. 

| Same, revised edition. pp. 23. 1895. Out of print. 

Same, third revised edition. pp. 32. 1897. Out of print. 

Same, fourth revised edition. pp. 32. 1898. Out of print. (Superseded by No. 
R275) 

‘No. 45. Some insects injurious to stored grain. By F.H. Chittenden. pp. 24, figs. 18. 

1896. Out of print. 

Same, revised edition. pp. 24, figs. 18. 1897. Out of print. 

‘No. 47. Insects affecting the cotton plant. By L. O. Howard. Reprinted with 
revision by the author from Bulletin 33, Office of Experiment Stations. pp. 32, 
figs. 18. 1897. Out of print. 

Same, corrected to April 2, 1909. pp. 20+, figs. 12. Issued June 7, 1909. 

(No. 59. Bee keeping. By Frank Benton. pp. 32, figs. 19. 1897. Out of print. 

Same, revised. pp. 48, figs. 19. March, 1905. 

"No. 61. Asparagus culture. By R. B. Handy. pp. 40, figs. 17. 1897. (Insect 
enemies. By F. H. Chittenden. pp. 34-89, figs. 14-17.) 

j No. 70. The principal insect enemies of the grape. By C.L. Marlatt. pp. 24, figs. 12. 

| 1898. Out of print. 

) No. 80. The peach twig-borer [Anarsia lineatella Zell.]; an important enemy of stone 

fruits. By C. L. Marlatt. pp. 16, figs.5. 1898. Out of print. 

‘No. 99. Three insect enemies of shade trees. By L. O. Howard. (Reprinted, with 

| some annotations by the author, from the Yearbook of the Department of Agricul- 

, ture for 1895.) pp. 30, figs. 11. 1899. 
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No. 120. The principal insects affecting the tobacco plant. By L.O. Howard. (Re- 
printed, with slight revision by the author, from the Yearbook of the Department 
of Agriculture for 1898.) pp. 32, figs. 25. 1900. 

No. 127. Important insecticides: Directions for their preparation and use. (A revision 
of Farmers’ Bulletin No. 19.) By C. L. Marlatt. pp. 42, figs. 6. 1901. Out of 
print. 

Same, revised edition. pp. 45, figs. 6. August, 1903. 

Same, second revision. pp. 48, figs. 7. April 14, 1908. 

No. 130. The Mexican cotton-boll weevil. [Anthonomus grandis Boh.] By Frederick 
W. Mally. pp. 30, figs. 4. 1901. Out of print. 

No. 132. The principal insect enemies of growing wheat. By ©. L. Marlatt. pp. 
38-+ii, figs. 25. 1901. 

No. 145. Carbon bisulphid as an insecticide. By W. E. Hinds. pp. 28. 1902. 

No. 146. Insecticides and fungicides: Chemical composition and effectiveness of cer- 
tain preparations. By J. K. Haywood. pp. 16. 1902. Out of print. 

No. 153. Orchard enemies in the Pacific Northwest. By C. V. Piper. pp. 39, fig. 1. 
1902. Out of print. 

No. 155. How insects affect health in rural districts. By L. O. Howard. pp. 20, 
figs, 16.1902. Out) of print, 

Same, revised edition. pp. 19, figs. 16. Issued May 19, 1908. 

No. 163. Methods of controlling the boll weevil. [Advice based on the work of 1902.] 
By W. D. Hunter. pp. 16, figs. 2. 1903. Out of print. 

No. 165. Silkworm culture. By Henrietta Aiken Kelly. pp. 32, figs. 16. 1903. 
Out of print. 

Same, revised edition. [Revised by C. J. Gilliss.] pp. 32, figs. 15. 1908. 

No. 171. The control of the codling moth. [Carpocapsa pomonella L.] By C. B. 
Simpson. pp. 24, figs.4. 1903. Out of print. 

No. 172. Scale insects and mites on citrus trees. By C. L. Marlatt. pp. 48, figs. 34. 
1903. 

No. 178. Insects injurious in cranberry culture. By John B. Smith. pp. 32, figs. 12. 
1903. 

No. 189. Information concerning the Mexican cotton boll weevil. By W. D. Hunter. 
pp. 29+[2], figs. 8. 1904. Out of print. 

No. 191. The cotton bollworm: An account of the insect, with results of experiments 
in 1903. By A. L. Quaintance. pp. 24, figs. 7. 1904. Out of print. 

No. 196. Usefulness of the American toad. By A. H. Kirkland. pp. 16. 1904. 

No. 209. Controlling the boll weevil in cotton seed and at ginneries. By W. D. Hun- 
ter. pp. 31, fig. 1. 1904. 

No. 211. The use of Paris green in controlling the cotton boll weevil. By W. D. Hun- 
ter. pp. 23. 1904. 

No. 212. The cotton bollworm: Some observations and results of field experiments 
in 1904. By A. L. Quaintance and F. C. Bishopp. pp. 32, figs. 2. 1905. Out of 
print. 

No. 216. The control of the boll weevil, including results of recent investigations. By 
W. D. Hunter. pp. 32, figs.5. 1905. Out of print. 

No. 217. Essential steps in securing an early crop of cotton. By R. J. Redding. 
pp. 16.) 1905. 

No. 223. Miscellaneous cotton insects in Texas. By E. Dwight Sanderson. pp. 24, 
figs. 29. 1905. 

No. 247. The control of the codling moth [Carpocapsa pomonella L.] and apple scab. 
By C. L. Marlatt and W. A. Orton. pp. 21, figs. 9. 1906. Out of print. 

Same, revised edition. pp. 23, figs. 9. August, 1906. Out of print. 
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No. 264. The brown-tail moth [Zuproctis chrysorrhea L.] and how to control it. By 

~ L.O. Howard. pp. 22, figs. 10. 1906. 

No. 275. The gipsy moth [Porthetria dispar L.] and how to control it. By L. O. 

* Howard. pp. 22+, figs. 7. Issued January 18, 1907. 

No. 283. Spraying for apple diseases and the codling moth [Carpocapsa pomonella L.} 

| inthe Ozarks. By W.M. Scott and A. L. Quaintance. pp. 42+11, figs. 7. Issued 
April 29, 1907. 

_ No. 284. Insect and fungous enemies of the grape east of the Rocky Mountains. By 
A. L. Quaintance and C. L. Shear. pp. 48, figs. 35. Issued May 10, 1907. 

No. 290. The cotton bollworm [Heliothis obsoleta Fab.]: A summary of its life history 
and habits, with some results of investigations in 1905 and 1906. By F. C. Bishopp 
and ©. R. Jones. pp. 32, figs. 4. Issued May 10, 1907. 

No. 344. The boll weevil problem, with special reference to means of reducing damage. 
By W. D. Hunter. pp. 46, figs. 8. Issued January 23, 1909. 


REPRINTS FROM YEARBOOKS. 
1894. 


Some scale insects of the orchard. By L. O. Howard. pp. i-i1i+249-276, figs. 26-42. 
August, 1895. (Separate No. 12, Office of Secretary.) Out of print. 

The more important insects injurious to stored grain. By F. H. Chittenden. pp. 
iii +277-294, figs. 43-51. August, 1895. (Separate No. 13, Office of Secretary.) 
Out of print. 

1895. 


The principal insect enemies of the grape. By C. L. Marlatt. pp. 385-404, figs. 
94-105. June, 1896. (Separate No. 43, Office of Secretary.) Out of print. 

The shade-tree insect problem in the eastern United States. By L.O. Howard. pp. 
361-384, figs. 83-93. July, 1896. (Separate No. 56, Office of Secretary.) Out of 
print. 

1896. 


Ambrosia beetles. By Henry G. Hubbard. pp. 421-430, figs. 101-107. July, 1897. 
(Separate No. 72, Office of Secretary.) Out of print. 

The use of steam apparatus for spraying. By L. O. Howard. pp. i-ii+69-88, figs. 
1-15, pls. I-II. June, 1897. (Separate No. 73, Office of Secretary.) Out of print. 

Insect control in California. By C. L. Marlatt. pp. i-ii+217-236, figs. 51-52, pl. V. 
July, 1897. (Separate No. 74, Office of Secretary.) Out of print. 

The asparagus beetles. By F. H. Chittenden. pp. i-ii+341-353, figs. 84-89. June 
1897. (Separate No. 75, Office of Secretary.) Out of print. 


1897. 


Division of Entomology. By L. O. Howard. pp. i-iii+84-89. May, 1898. (Sepa- 

rate No. 100, Office of Secretary.) Out of print. 

The danger of importing insect pests. By L. O. Howard. pp. i-iii+529-552, figs. 
25-43. June, 1898. (Separate No. 101, Office of Secretary.) Out of print. 


1898. 


The principal insects affecting the tobacco plant. By L. O. Howard. pp. iti+ 
121-150, figs. 66-82. May, 1899. (Separate No. 138, Office of Secretary.) Out of 
print. 

Insects injurious to beans and peas. By F. H. Chittenden. pp. i-ii+233-260, figs. 
66-82. May, 1899. (Separate No. 139, Office of Secretary.) Out of print. 
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Progress in economic entomology in the United States. By L. O. Howard. pp. 
i-ii+135-156, pl. III. August, 1900. (Separate No. 171, Office of Secretary.) 


Out of print. 
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Smyrna fig culture in the United States. By L. O. Howard. pp. i-iv-+79-106, figs. — 
1-7, pls. I-VIII. July, 1901. (Separate No. 196, Office of Secretary.) ; 

The scale insect and mite enemies of citrus trees. By C.L. Marlatt. pp.i-iv-+247-290, © 
figs. 9-33, pls. XXVI-XXXI. July, 1901. (Separate No. 207, Office of Secretary.) 
Out of print. 


1901. 


Insects as carriers and spreaders of disease. By L.O. Howard. pp. 177-192, figs. 5-20. 
May, 1902. (Separate No. 235, Office of Secretary.) Out of print. 

The present status of the Mexican cotton-boll weevil in the United States. By W. D. 
Hunter. pp. 369-3880, fig. 30. September, 1902. (Separate No. 243, Office of 
Secretary.) Outofprint. — 

Experimental work with fungous diseases of grasshoppers. By L. O. Howard. pp. 
459-470, figs. 40-42. (Separate No. 248, Office of Secretary.) 


1902. 


The San Jose scale; its native home and naturalenemy. By C. L. Marlatt. pp. 155- 
174, figs. 1-3, pls. XII-X VII. June, 1903. (Separate No. 261, Office of Secretary.) 

Some of the principal insect enemies of coniferous forests in the United States. By 
A.D. Hopkins. pp. 265-282, figs. 23-32, pls. XVIII-XIX. June, 1903. (Separate 
No. 268, Office of Secretary.) 

The principal injurious insects in 1902. By F. H. Chittenden. pp. 726-733. July, 
1903. (Separate No. 299, Office of Secretary.) Out of print. 


1903. 


The United States Department of Agriculture and silk culture. By L. O. Howard. 
pp. 137-148, pls. VI-X. June, 1904. (Separate No. 313, Office of Secretary.) 

The status of the Mexican cotton-boll weevil in the United States in 1903. By W. D. 
Hunter. pp. 205-214, fig. 10, pls. XVII-XXI. June, 1904. (Separate No. 316, 
Office of Secretary.) Out of print. 

Insect injuries to hardwood forest trees. By A. D. Hopkins. pp. 313-328, figs. 27-43, 
pl. XXXIX. June, 1904. (Separate No. 327, Office of Secretary.) 

The principal injurious insects of 1903. By F. H. Chittenden. pp. 563-566. June, 
1904. (Separate No. 335, Office of Secretary.) Out of print. 


1904. 


Present status of the cotton-boll weevil in the United States. By W. D. Hunter. 
pp. 191-204, fig. 9, pls. VII-VIII. June, 1905. (Separate No. 341, Office of 
Secretary.) Out of print. 

The nut weevils. By F. H. Chittenden. pp. 299-310, figs. 17-26, pls. XXVIII- 
XXX. July, 1905. (Separate No. 348, Office of Secretary.) Out of print. 

Insect injuries to forest products. By A. D. Hopkins. pp. 381-398, figs. 43-56. 
June, 1905. (Separate No. 355, Office of Secretary.) 

The annual loss occasioned by destructive insects in the United States. By ©. L. 
Marlatt. pp. 461-474. June, 1905. (Separate No. 360, Office of Secretary.) 

The principal injurious insects of 1904. By F. H. Chittenden. pp. 600-605. June, 
1905. (Separate No. 368, Office of Secretary.) Out of print. 
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1905. 


The gypsy and brown-tail moths and their European parasites. By L. O. Howard. 
pp. i-iii+ 123-138, figs. 5, pls. I-II. July, 1906. (Separate No. 373, Office of Sec- 
retary.) Out of print. 

Insect enemies of forest reproduction. By A. D. Hopkins. pp. i-1ii+249-256, figs. 

_ 61-69. July, 1906. (Separate No. 381, Office of Secretary.) 

_ The principal insect enemies of the peach. By A. L. Quaintance. pp. i-v+325-348, 

figs. 82-88, pls. XXVII-XXXIII. July, 1906. (Separate No. 386, Office of Sec- 
retary.) 

_ Farm practice in the control of field-crop insects. By F. M. Webster. pp. 1-1i+ 
465-476, figs. 111-112, pls. LIV-LV. July, 1906. (Separate No. 396, Office of 
Secretary.) Out of print. 

_ The principal injurious insects of 1905. Prepared in the Bureau of Entomology. pp. 
628-636. August, 1906. (Separate No. 408, Office of Secretary.) Out of print. 


1906. 


Some recent studies of the Mexican cotton-boll weevil. By W. D. Hunter. pp. i-iii 
+313-324, fig. 9, pl. XVI. (Separate No. 425, Office of Secretary.) 

Lime-sulphur washes for the San Jose scale. By A. L.-Quaintance. pp. 1-i1+429- 
446, figs. 15-16, pls. XX XVII-XXXIX. (Separate No. 433, Office of Secretary.) 
The principal injurious insects of 1906. Prepared in the Bureauof Entomology. pp. 

508-517. 1907. (Separate No. 438, Office of Secretary.) Out of print. 


1907. 


Notable depredations by forest insects. By A. D. Hopkins. pp. i-1ii+149-164. 
(Separate No. 442, Office of Secretary.) 

The value of insect parasitism to the American farmer. By F. M. Webster. pp. i-iv 
+237-256, figs. 7-30. Separate No. 447, Office of Secretary.) 

The codling moth or apple worm. By A. L. Quaintance. pp. 1-i1i+435-450.  (Sep- 
arate No. 460, Office of Secretary.) 

The principal injurious insects of the year 1907. Prepared in the Bureau of Ento- 
mology. pp. 541-552. 1908. (Separate No. 472, Office of Secretary.) 


1908. 


Information about spraying for orchard insects. By A. L. Quaintance. pp. i-i+267- 
288, pls. XVI-XX. (Separate No. 480, Office of Secretary.) 

Some things that the grower of cereal and forage crops should know about insects. By 
F. M. Webster. pp. i-iv-+367-388, figs. 3-19, pls. XX X-XXXII. (Separate No. 
488, Office of Secretary.) 

The principal injurious insects of the year 1908. Prepared in the Bureau of Ento- 
mology. pp.i-ii+567-580. 1909. (Separate No. 499, Office of Secretary.) Out of 
print. 


YEARBOOK ARTICLES NOT PRINTED SEPARATELY. 


Methods of controlling injurious insects, with formulas for insecticides. By C. L. 
Marlatt. (In Yearbook of the Department of Agriculture, 1894, Appendix, pp. 
572-576.) 

Methods of controlling injurious insects. (In Yearbook of the Department of Agricul- 
ture, 1895, Appendix, pp. 580-586.) 

Methods of controlling injurious insects. (In Yearbook of the Department of Agricul- 
ture, 1896, Appendix, pp. 617-619.) 
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Methods of controlling injurious insects. (In Yearbook of the Department of Agricul: 
ture, 1897, Appendix, pp. 635-640.) i 
Methods of controlling injurious insects. By the Entomologist, L. O. Howard. (In | 
Yearbook of the Department of Agriculture, 1898, Appendix, pp. 657-662.) 1 
The principal injurious insects of the year 1899. (In Yearbook of the Department of 


| 


Agriculture, 1899, Appendix, pp. 745-748. | 

The principal injurious insects of the year 1900. (In Yearbook of the Department of — 
Agriculture, 1900, Appendix, pp. 725-729.) | 

The principal! injurious and useful insects in 1901. By F. H. Chittenden. (In Year- 
book of the Department of Agriculture, 1901, Appendix, pp. 674-679.) 

Method of estimating the yield of cotton in the field. By J. C. Crawford. (In Year- 


book of the Department of Agriculture, 1904, Appendix, pp. 625-626. 


MISCELLANEOUS REPORTS. 


[Publications which originated in the Division of Entomology, but which were 
published in a numbered series of the Secretary’s Office or some other office of the 
Department. | 
The silkworm; being a brief manual of instructions for the production of silk. By 

C.V.Riley. pp. 31. 1879. (Special report No. 11, old series, Office of Secretary.) 

Out of print. ; 
Same, second edition. pp. 37. 1882. Out of print. 

Same, third edition. Out of print. 

Same, fourth edition. pp. 37. 1883. Out of print. 

Same, fifth edition. pp. 37. 1884. Out of print. 

Report upon cotton insects. Prepared under the direction of the Commissioner of 
Agriculture in pursuance of an act of Congress approved June, 1878. By J. Henry 
Comstock, Entomologist. pp. 511, pls. 3. 1879. Out of print. 

Report on insects injurious to sugar cane. By J. Henry Comstock. pp. 11, figs. 3. 
1881. (See Special Report No. 35, old series, Division of Statistics.) Out of print. 

Catalogue of the exhibit of economic entomology at the World’s Industrial and Cotton 
Centennial Exposition, New Orleans, 1884-1885. pp. 95. 1884. 

Insects affecting the orange. Report on the insects affecting the orange and other 
plants of the citrus family, with practical suggestions for their control or extermi- 
nation. Made under the direction of the Entomologist. By H. G. Hubbard. 
pp. 227, pls. 14. 1885. Out of print. 

Same, 48th Cong., 2d sess., H. Mis. Doc. 40; serial No. 2326. Out of print. 

The insectivorous habits of the English sparrow. By C. V. Riley. pp. 111-1138. 
1889. (Reprinted from Bulletin No. 1, Division of Ornithology and Mammalogy. 
Price 25 cents. Postage 10 cents.) Reprint out of print. 

The ox-bot in the United States. By C. V. Riley. pp. 16, figs. 55. 1892. Price 
) cents. Postage 1 cent. 
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HARVEST MITES, OR ** CHIGGERS.”’ 
-By F. H. CHITTENDEN, 


Entomologist in Charge of Breeding Experiments. 


Residents of the South and of the more southern portion of many of 
‘the Central States, and especially visitors to these sections, are often 
subject to great annoyance due to the attacks of minute creatures popu- 
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larly known as “ chiggers’’! and “‘red_ bugs, 


These pests are the larval or six-legged 
forms of harvest mites of the genus 
~Trombidium, the adults of which have 
eight legs. They are troublesome be- 

cause of their unpleasant habit of bur- 
rowing under the skin of human beings. 

This habit is not normal, and as a con- 

sequence the mites die, and their pres- 

ence under the epidermis gives rise to 
irritation and inflammation of varying 
intensity. 
For present purposes we may consider 
5 Fra. 1.—Trombidium: Larva, highly mag- 
the harvest mites as a class. In figures mided: (rou Bane): 

1 and 2 illustrations of some common 
forms are furnished. The larval harvest mites are of microscopic size, 

blood red, and shaped somewhat like a common tick, being nearly as 

broad in front as behind. They belong to the order Acarina and are 
not true insects (Hexapoda), but are members of a distinct class 

(Arachnida) along with ticks, spiders, and the like. The parent mites 

are predaceous on true insects. As early as 1834 Mr. A. L. Dugés? 

made observations on these mites, which, as previously stated, have six 
legs in the immature or parasitic stage, while the adults have eight. 

The adults are of different shades of red and are quite visible. Many 

persons are familiar with the appearance of the young of certain species, 


and, incorrectly, as ticks. 
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1The name ‘‘chigger’’ or ‘‘jigger’’ is evidently a corruption of chigoe, the 
pernicious sand-flea (Sarcopsylla penetrans L.) of tropical America, a true flea, 
which crawls under the toe nails of man, producing painful sores which may 
result seriously if neglected. 

2 Annales des Sciences Naturelles, Vol. I, ser. 1, p. 36; see also P. Megnin, 
l. c., Vol. IV, ser. 6, pp. 4-20, 1876, and Murray’s Aptera, pp. 129-1383. 
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as they occur on the under surface of the bodies of grasshoppers and — 
harvest spiders or ‘daddy long legs’? (Phalangiide) and under the 
wings of the house fly. Just what species of harvest mites are trouble- 
some to man in the United States is not known, but one of them, 
perhaps the commonest, is referred to in literature as “‘ Leplus’’ irritans — 
Riley. eee 

SYMPTOMS AND MANNER OF ATTACK. 

Soon after the harvest-mite burrows under the human skin a small red 
spot appears (evidently the mite itself gorged with human blood), after 
which the surrounding surface becomes congested, the affected area 
spreading until it is from less than a quarter to a half or three-fourths 
of an inch in diameter. This congestion may manifest itself within 
less than an hour after exposure or may not be.apparent for twelve 
hours or so, the fever 
being at its height usu- 
ally on the second day. 
The symptoms are apt 
to be first noticed when 
the sufferer has removed 
his clothing at night, or 
upon awakening from 
sleep. It sometimes 
happens that there is lit- 
tle irritation until some 
Fig, 2.—Leptus americanus at left; Leptus irritans at right. time after exposure, but 

ea tee under anal extremity indicating nat- with most persons sus- — 
ceptible to the poison- 

ous effects of these mites irritation is first experienced on the second day. 
The feverish appearance of the afflicted skin area varies according to 
the susceptibility of the person attacked. Children dwelling or sojourn- 
ing in mite-infested localities suffer greatly from these pests, experienc- 


i Riley, Poisonotis Insects, Extr. Ref. Handb. Med. Sci., Vol. V, 1887, p. 745. 

Leptus is a genus founded on the larval Trombidium. For those who may 
desire further information in regard to the structure of the adult, the following 
paragraph is transcribed from ‘‘A Treatise on the Acarina or Mites,’’ by Nathan 
Banks (Proc. U. 8S. Nat. Mus., Vol. XXVIII, pp. 30, 31, 1904), together with a 
figure illustrating a common species: 


The ‘‘harvest mites’ * * * are recognized by the body being divided into two portions, the 
anterior (cephalothorax) bearing the two anterior pairs of legs, the palpi, mouth parts, and eyes. 
The posterior (abdomen) is much larger and bears the two posterior pairs of legs. The mandi- 
bles are chelate, at least there is a distinct jaw or curved spine-like process. * * * Thebodyis 
covered with bristles or feathered hairs, according to the species. The palpi are five jointed, 
quite prominent, often swollen in the middle, the penultimate joint ending in one or two claws, 
the last joint (often clavate) appearing as an appendage or ‘“‘thumb”’ to the preceding joint. The 
legs are seven jointed. The tarsi terminate in two small claws. The lc gs are clothed inthe same 
manner as the body. There are two eyes upon each side of the cephalothorax, quite frequently 
borne on a distinct pedicel. The genital aperture is situate between the hind coxe.. The anal 
opening is smaller than the genital and placed a little behind it. 
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ing more severe annoyance than adults, and young women as a rule suffer 
more than older persons. People with thin, delicate skin and florid com- 
plexion are most afflicted by the mites, and with them the congested 
red spots are proportionately larger and more inflamed and irritating. 

Many persons, however, as, for example, permanent residents of 
infested regions, and particularly farm laborers, seem to be practically 
proof against the toxic effects of harvest mites and go with impunity 
into places overrun with them. This immunity to poisoning is obvi- 
ously due to two causes: (1) To outdoor work which toughens the per- 
son’s skin, especially such portions of the arms and legs as are much 
exposed to the sun and weather; and (2) to inoculation, due to fre- 
quent infection. | 

The inflamed spots due to the presence of the mites under the human 
cuticle are often diagnosed as hives, nettle- 
rash, urticaria, or the ‘ weals,’’ and resemble 
closely those produced on many persons by 
the “‘bites’’ of fleas and some mosquitoes, 
but on the second or third day each of the 
mite-infested areas is usually found sur- 
mounted at the middle by a minute vesicle 
or water blister. This is obviously the most 
important characteristic of harvest-mite at- 
tack. After the subsiding of the inflamma- 
tion and itching, which takes place in a few 
days, asmall scale or scab frequently forms, 
leaving on some persons a scar which does 
not wholly disappear in extreme cases for 
weeks. The mites naturally attack first 
those portions of the body which are most 
exposed—those nearest the ground. They 
crawl into the stockings and penetrate the skin about the ankles, fre- 
quently below the shoe tops, and are usually found most numerous 
below the knee. According to the late Dr. John Hamilton, a physician 
as well as entomologist, the harvest mites enter the larger sweat tubes 
or pores of the skin, and as these tubes are very tortuous, the progress 
of the mites is necessarily slow, from eighteen to thirty-six hours being 
required for them to reach the end. When the lesions caused by these 
mites are unusually numerous, the sufferer becomes feverish, and sleep 
is much disturbed. Sometimes the afflicted one becomes frantic and 
lacerates his flesh by too vigorous and frequent scratching. LErysipelas 
is known to follow severe attacks, and death resulting from blood pois- 
oning is recorded. These more serious results of infestation are, how- 
ever, exceptional and, as with the fatalities which in rare cases follow 
the ordinarily merely painful or annoying “bites’’ of many insects, 
undoubtedly point to an impurity of the blood. 


Fig. 3.—Trombidium: Adult, highly 
magnified (from Banks). 


HABITAT. 


Harvest mites are most abundant in damp locations, along the bor- 
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ders of streams and other bodies of water, and on the edges of forest 


and woodland. They occur also on trees and shrubbery, evidently 


affecting the lower surface of the leaves, from which they drop off when — 


these are rudely shaken, and find lodgment on the neck or other exposed 


parts of the body. Riley describes “‘ Leptus americanus’ as affecting 


chiefly the scalp and armpits. In places infested by harvest mites it is — 


a matter of danger to sit down or lie in the grass and herbage for any 
length of time, as the mites will then have easy access to almost any 
portion of the body. As a rule these creatures appear to be dependent 
on the shade and not to live in the direct sunlight, but some forms 
occur in sunny locations. 

These mites are most abundant and troublesome in the tropics, and 
become less numerous as we go northward. They are generally dis- 
tributed in the Gulf States, up the Mississippi River to Missouri and 
Illinois, and through the Atlantic Coast States to New Jersey. The 


writer has personal knowledge of their occurrence in troublesome — 


abundance as far north as Monmouth County, N. J., near the central 
line of the State, but they appear to be unknown in New England or 
north of latitude 40° in the East. It is probable that these mites occur 
northward of Monmouth County, as there is a report of infestation 
on Long Island. 

During the summer of 1906 more complaint than usual was received 
of harvest mites, evidently due to the extremely warm and humid 
weather which prevailed over the districts affected by these pests. 

A communication was received August 24 from a correspondent at 
Oregon, Ogle County, Ill., of a plague of chiggers in that vicinity, on 
the hillsides of the banks of the Rock River, 200 feet high. This local- 
ity 1s west and a little north of Chicago and is evidently the northern- 
most point of which we have actual knowledge of the occurrence of these 
mites at the present time. | 

Harvest mites are well known in England and Scotland under this 
name and as “gooseberry bugs.’’ On the continent of Europe, also, 
they are abundant, especially in Belgium and the Netherlands, in parts 
of Germany, and in France. Indeed, in some of these countries they 
have at times caused considerable annoyance to the peasantry, whom 
they have hindered or prevented in the harvesting of certain crops. The 
mites are troublesome, too, in tropical America, in the West Indies, and 
in Japan. 

LIFE HISTORY. 

The life history of a harvest mite, as related by Mr. Banks, is sub- 
stantially as follows: The female lays her eggs in or upon the ground, 
sometimes to the number of 400 in one place. The eggs are usually 
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‘brown and spherical and have been considered by some early writers as 
fungi. The chlorion or outer skin splits soon after the eggs are deposited, 
| dividing the eggs into halves and exposing the pale vitteline membrane. 
The larva when hatched is circular or ovoid in outline, and each of its 
three pairs of legs is tipped with two or three prominent claws. After 
the larva has become attached to its insect host it elongates and becomes 
‘swollen with food. When full fed it drops off, seeks a convenient shel- 
‘ter, and gradually changes in shape without molting. The new parts 
-are formed under the larval skin, which after a few weeks cracks and 
discloses the adult Trombidium. The mature harvest mite is preda- 
ceous, wandering about and feeding on. aphides, small caterpillars, and, 
in the case of one species, on the eggs of grasshoppers or locusts. It 
hibernates in the soil or in other sheltered locations and in the spring 
deposits its eggs. There appears to be a single generation produced. 
each year. Only a few forms have been reared. The larva of one 
occurs commonly on the house fly in autumn. 


REMEDIES. 


Preventive.—As harvest-mite infestation is usually contracted by 
walking or working among blackberry and other shrubbery which har- 
bors them, or by walking, sitting, or lying among grasses or similar 
herbage along streams or pools on the edges of marshes or under trees 
near such places, it is obvious that the best means of prevention is the 
avoidance of exposure by susceptible persons. If, however, a bath is 
taken in hot water, or water containing salt or strong soap, within a 
few hours after exposure, no ill effects will be experienced. After a 
longer exposure a bath has practically no effect, and direct remedies are 
necessary. 

Sulphur is a sovereign remedy for mites and is the best preventive of 
attack. When exposure is unavoidable and where vegetation is not 
more than 2 or 3 feet high, a sure preventive is found in sifting flowers 
of sulphur into the underclothes from a little above the knee downward 
and into the shoes and stockings, or it may be rubbed over legs and 
ankles. Naphthaline has been successfully used in the same manner in 
Mexico by Dr. L. O. Howard_and in Cuba by Mr. E. A. Schwarz. 
While the sulphur, being inodorous and perfectly effective, is undoubt- 
edly preferable against harvest mites alone, naphthaline is a safeguard 
against various forms of man-infesting tropical insect pests. Vaseline, 
pure or mixed with sulphur, will serve the same purpose, but is not so 
agreeable on account of its oily nature and the certainty of its soiling 
the clothing. 

For most localities these precautions are to be observed through the 
months of July, August, and a part of September. The mites are sel- 
dom bothersome in early June or as late as October, but in exception- 
ally warm seasons they are apt to be encountered in both months. 
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Topical applications.—If exposure has been unwittingly incurred or 
precautions have been neglected and the characteristic irritation has set 
in, warning the patient of trouble to come, a counterirritant or cooling 
lotion should be applied directly to the affected parts. For this pur- 
pose moderately strong ammonia, applied when the symptoms are first 
manifest, has offered the best results, and the writer recommends it 
above all other direct remedies. Bicarbonate of soda or common cook- 
ing: soda or saleratus may be substituted in supersaturated solution. 
Similar alkaline solutions would probably also serve in counteracting 


the insect poison, whichisacid. These substances should be applied liber- © 


ally until the irritation subsides. Some persons have testified to the value 
of a 10-per-cent dilution of carbolic acid. Alcohol, camphor, essence 
of peppermint, and similar preparations are very ‘ cooling,’’ but afford, 
as a rule, only temporary relief. A dilute tincture of iodine or collo- 
dion applied lightly to the affected parts is a good remedy in case of 
severe suffering. The latter acts by protecting the “ sore’? spots from 
the air. 

Destruction of the mites in the field.—Much complaint has been 
made of the presence of harvest mites on lawns and in vegetation in 


country grounds and along pathways and roadsides, and information has 
been solicited by many; including officers of country clubs and the like, 


for methods of eliminating the mites from such locations. This can be 
accomplished by keeping the grass, weeds, and useless herbage mowed 


as closely as feasible, so as to expose the mites to the sun. In some 


cases this can be facilitated by dusting the grass and other plants, after 
cutting, with flowers of sulphur or by spraying with dilute kerosene emul- 
sion in which sulphur has been mixed. Grasses on the borders of 
ponds frequented by cattle, wild blackberry bushes, and similar plants 
should also be cut down and destroyed in the vicinity of houses and 
where children and older persons are liable to mite infestation by ‘pass- 


Se 


ing through them. Well-cultivated fields kept free from weeds are not — 
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infested with “‘chiggers,’’ and in the course of time, perhaps a year or 


two, the measures prescribed, if carefully carried out in grassy locations, 


should also entirely free these from the pests. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., September 29, 1906. ° 
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THE SLENDER SEED-CORN GROUND-BEETLE. 
(Clivina impressitrons Lec.) 


By F. M. WEBSTER, 


In Charge of Cereal and Forage-Plant Insect Investigations. 


_ The subject of this circular is a small, hard-bodied beetle, belong- 
ling to the tribe Scaritini of the family Carabidee or ground beetles. 
The former name is derived from a word which means 
literally ‘‘ a scratcher,”’ and these beetles have been so 
designated on account of their widened, flattened, and 
‘toothed fore legs, adapting them for digging. They are 
generally believed to be both carnivorous and preda- 
'ceous. About 220 species of the genus have been 
| described, principally from the tropics; of these some 
}22 inhabit America north of Mexico, while 18 of 
‘these 22 are known to occur in Louisiana and Texas. 
| Olivina planicollis Lec., one of this number, is known pre. 1.—Clivina im- 
ralso from Mexico, and C. impressifrons, here discust, ee aes 


extends its range northward to Nebraska, northern targea (original). 
‘Hhnois, Michigan, and New York. 


DESCRIPTION OF THE INSECT. 


The fully matured beetle is entirely of a reddish color and about one- 
fourth of an inch long (6.5 mm.).the shape of the body being as shown 
‘in figure 1. It may be recognized by the aid of the following brief 
technical description : 

{ The lateral margin of the thorax attains the basal margin, middle tibie with 
a spur on the outer side near the tip; anterior femora not dentate, thickened ; 
paronychium elongated ; vertex sulcate, head smooth, punctured behind, verti- 
cal groove deep and long. 

Its earlier stages are as yet unknown, altho the larve must certainly 
be very abundant somewhere. We know nothing of its breeding habits, 
as it is the fully developed insect that does the injury. 


INFESTS LOW-LYING, FLAT LANDS. 


This beetle appears to depredate only in the lower, flatter lands, and 
‘the writer has in past years many times observed it in great numbers 


‘floating about on the surface of the water, in cornfields, on the level 
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prairie country of Illinois, immediately after a severe rain’ storm in 
spring. It is in such localities that wireworms are most injurious, and 
it seems quite probable that a considerable part of the damage placed 
te eredit of the latter may be really due to this pest. Farmers aire 
ery viten unable to account for their failure to get the seed corn to 
germinate, and not discovering the cause, they charge it up to wire 
worms. The writer knows no reason for the beetle’s apparent partiality 
for the lower and usually darker lands and can only surmise that it 
must find a greater or more easily accessible food supply in such local- © 
ities, altho probably it is very often carried there in great numbers 
by the water. The same characteristic is to be observed in many other 
insects to which this drift theory will hardly apply, hence the reason for - 
this preference must for the present remain obscure. Despite abun-— 
dance, its depredations do not seem to come to common notice except 
at long intervals and in widely separated localities, but this again may 
be due to the fact that the farmer attributes the injuries to other 
causes, and the entomologist is misled on account of its supposed car- 
nivorous and predaceous habits, which would place it among bene 
cial instead of injurious insects. 1 
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HISTORY OF ITS DEPREDATIONS. 


- The first record of its seed-corn-destroying habit was published by 
the writer in November, 1890,! the beetles having been received unde 
date of June 11, previous, from Whitley County, Ind., where they were 
reported as attacking the seed kernels, in the vicinity of the germ, 
soon as these kernels had become softened by the action of the moisture — 
in the soil. When this material was received one of the beetles wae | 
engaged in burrowing into a kernel after this manner. This instance 
for fifteen years remained the sole proof of the destructive habits of | | 
this insect, in the cornfields or elsewhere. 

In 1905 Prof. R. H. Pettit, of the Michigan Agricultural conte | 
reported it as having been received about June 5 of that year, with the - 
complaint of its having worked serious injuries. In this instance it 
had operated about Trenton, Mich., where the insects fed upon the seed 
kernels as previously observed by the writer, and they were found w orks 
ing in a large proportion of the hills soon after planting. 


DEPREDATIONS IN THE SPRING OF 1906. 


During the spring of 1906 the depredations of this little pest appear 
to have been unusually severe and more widespread in their distribution ~ 
over the country. Aside from the cases where the destruction was | 
definitely and unmistakably traced to this insect, there were hundreds 


1 Insect Tite. Vol. Li petb9: } 
2 Bul. 223, Mich. State Agric, Coll. Exp. Sta., p. 50, figs. 51, 52, 
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of instances where the seed corn failed to germinate, and the owners of 
‘these fields could offer no explanation therefor. They knew only that 
1 were obliged to replant much of their corn, and in many cases the 
| replanting failed as did the first. In such cases as these last it is, of 


course, impossible to fasten the responsibility for the destruction upon 


(/this insect, but all such fields as were examined by the writer—unfor- 
| tunately too late to observe the depredator—were precisely such as we 
«would look for in searching for the work of this insect, that is to say, 
they were low-lying, flat, very moist, with soil of a darker color and of 
,a more mellow nature. Besides, there was absolutely nothing to show 


fea. 2.—Field of corn near New Paris, Ohio, which had been devastated by Clivina impressifrons. 
4 Photograph taken after plants had attained considerable size (original). 


| that there had been any other injury except to the seed kernels, whereas, 


| had the injury been due to wireworms, some, at least, of the growing 


| plants would still have shown evidences of their work. Fields of this 
description, including one owned by the writer, were observed during 
the latter half of June, from western Pennsylvania to eastern Kansas, 
\ and many others were reported to him but not visited. 

_ There is another beetle, Agonoderus pallipes Fab., of a dull yellowish 
| color with ‘central portion of wing-covers black, which has this seed- 
corn-destroying habit, and it is quite possible that some of all this 
4 destruction might have been due to its work, tho this last one is com- 
| mon everywhere and by no means confined to lower lands; neither has 
it been observed to congregate in such situations. 


| 


‘ 
} 
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AN OUTBREAK IN OHIO. 


The ravages of the Clivina were noticed in several fields of newly 
plant. corn near New Paris, Ohio, during the first week of June, 1906, 
nd one of the writer’s assistants, Mr. W. J. Phillips, whose headquar- 
were at that time at Richmond, Ind., visited the locality on the 
i4th of the same month and reported on one of these fields as follows: 
At the time of my visit the field had been replanted, and the beetles were 
working in the replants. I counted five beetles in one kernel and as many as 
twenty around one hill. They enter the kernel] from the germ side and seem to 
eat the entire mass excepting the hull. They do not seem to trouble the corn if 
it has sprouted and gotten a start to growing. 

The whole field contained about 40 acres, but only 10 to 15 acres were injured, 
and the condition of this portion of the field is shown by the accompanying pho- 
tograph (see fig. 2). This was the lowest part of the field and in a rich, black 
soil.* The portion of the field that did not seem to be troubled at all was higher 
up with more of a clay soil. The field is strictly bottom land and nearly always 
moist. 

I took quite a number of the beetles and placed them in a jar of earth and put 
some corn in the jar. They have tunneled all thru this soil, and (August 7) I 
still see them occasionally. 


Under date of August 29 Mr. Phillips reports a situation in the field 
as follows: 


I have made a number of pilgrimages into Ohio for C. impressifrons and could 
not find any. Yesterday I made another trip. I planted more corn the time 
before while there. Yesterday I found quite a number of adult beetles, but no 
larvee or pupe. Adult beetles were feeding onthecorn. I never find the beetles 
above ground, but found them as far as 8 inches below ground. 


OUTBREAKS IN KANSAS. 


Prof. E. A. Popenoe, of Manhattan, Kans., called the writer’s atten- 
tion to two reports of serious ravages that he had received from the 
southeastern part of his State, both accompanied by specimens of the 
depredators, but before this information was received from him the 
attention of the writer had been called to some fields about Lawrence, 
same State, where farmers had found it impossible to get corn to ger- 
minate. These fields were all of them low and swampy, and while in 
some the crop had been an almost total loss, there was nothing in the 
fields at that time upon which to convict the depredator except the sim- 
ilarity to other fields known to have been ravaged by this pest. The 
owners assured the writer that they knew nothing of the cause, only that 
corn simply would not come up on this ground this year, where before 
they had not experienced any such trouble. 


PREVENTIVE OR REMEDIAL MEASURES. 


Remedial measures, that is, such as will stop these depredations in the 
midst of the insect’s work, hardly seem practicable. As to preventives, 
there has been too little opportunity to observe and experiment. That 
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the beetle will depredate on aad ears lands seems probable, tho 


_perhaps not so severely except during wet seasons. So far as informa- 


tion has been obtainable, hilled or check-rowed has suffered more than 
drilled corn; but this point needs to be substantiated by more and 
exact information based upon field observations. Clearly there is no 
help to be anticipated from late planting. As the beetle does not attack 


-the seed after it has sprouted, shallow planting in cold, backward sea- 
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sons would in a measure ward off injuries, because the kernels would 


sprout sooner than if planted deeply. 


Professor Pettit has suggested! that if seed be soaked and then rolled 
in dry slaked lime or plaster mixt with Paris green or some similar poison 
it would render the seed so treated immune. The trouble here is that 
seed thus treated could not be planted with the ordinary planters, but 
would have to be planted by hand. This would, of course, prevent its 
being applied at the time of the first planting, and thus offer no pro- 
tection at the time when it is most needed. The seed used in replant- 
ing might be so treated, as this work is ordinarily done either with the 


hoe or a small hand planter. 


farmers themselves. 


Experiment has shown that while soaking for a few hours in kerosene 
may render the seed distasteful, this treatment is likely to be as uncer- 
tain in its effects as is petroleum used as an insecticide in the orchard; 
therefore its use in this case is not recommended. It is to be hoped 
that farmers and others will promptly report any such outbreaks of this 
insect as have been observed the present year, and that entomologists 
will by this means be afforded a better opportunity to investigate and 
recommend repressive measures that can be applied in the fields by the 


WBOC cit. 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., October 4, 1906. 
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THE BROOD DISEASES OF BEES. 


By Heih PaLires, PhsD:, 
Apicultural Expert. 


In view of the widespread distribution of infectious brood diseases 
/among bees in the United States, it is desirable that all bee keepers 
Ylearn to distinguish the diseases when they appear. It frequently hap- 
jpens that an apiary becomes badly infected before the owner realizes 
}that any disease is present, or it may be that any dead brood which 
may be noticed in the hives is attributed to chilling. In this way dis- 
ease gets a start which makes eradication difficult. 

There are two recognized forms of disease of the brood, designated as 
European and American foul brood, which are particularly virulent. In 
| some ways these resemble each other, but there are certain distinguishing 
| characters which make it possible to differentiate the two. Reports are 
‘sometimes received that a colony is infected with both diseases at the 
»same time, but this is contrary to the experience of those persons most con- 
|versant with these conditions. While it may be possible for a colony 
_ to have the infection of both diseases at the same time, it is not by any 
means the rule, and such cases are probably not authentically reported. 
‘Since both diseases are caused by specific bacilli, there is absolutely 
'no ground for the idea held by some bee keepers that chilled or starved 
brood will turn to one or the other of these diseases. Experience of 
| the best practical observers is also in keeping with this. For a discus- 

sion of the causes of these diseases the reader is referred to Technical 
Series, No. 14, of the Bureau of Entomology, “The Bacteria of the 
Apiary, with Special Reference to Bee Diseases,’”’ by Dr. G. F. White. 


AMERICAN FOUL BROOD. 


: American foul brood (often called simply “foul brood’’) is distributed 
thru all parts of the United States, and from the symptoms published in 
European journals and texts one is led to believe that it is also the 
prevalent brood disease in Europe. Altho it is found in almost all sec- 
tions of the United States, there are many localities entirely free from 
disease of any kind. 

The adult bees of an infected colony are usually rather inactive and 
do little toward cleaning out infected material. When the larve are 
first affected they turn to a light chocolate color, and in the advanced 
‘stages of decay they become darker, resembling roasted coffee in color. 
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Usually the larve are attacked at about the time of capping, and most | 
of the cells containing infected larve are capped. As decay proceeds 
these cappings become sunken and perforated, and, as the healthy 
_ brood emerges, the comb shows the scattered cells containing larve 
which have died of disease, still capped. The most noticeable charac- 
teristic of this infection is the fact that when a small stick is inserted 
in a larva which has died of the disease, and slowly removed, the 
broken-down tissues adhere to it and will often stretch out for several 
inches before breaking. When the larva dries it forms a tightly adher- 
ing scale of very dark brown color, which can best be observed when 
the comb is held so that a bright light strikes the lower side wall. 
Decaying larve which have died of this disease have a very character- 
istic odor which resembles a poor quality of glue. This disease seldom 
attacks drone or queen larve. It appears to be much more virulent in 
the western part of the United States than in the East. 


EUROPEAN FOUL BROOD. 


European foul brood (often called “‘ black brood’’) is not nearly as 
widespread in the United States as is American foul brood, but in certain 
parts of the country it has caused enormous losses. It is steadily on 
the increase and is constantly being reported from new localities. It is 
therefore desirable that bee keepers be on the watch for it. 

Adult bees in infected colonies are not very active, but do suc- 
ceed in cleaning out some of the dried scales. This disease attacks 
larvee earlier than does American foul brood, and a comparatively 
small percentage of the diseased brood is ever capped. The diseased 
larve which are capped over have sunken and perforated cappings. 
The larve when first attacked show a small yellow spot on the body 
near the head and move uneasily in the cell. When death occurs they 
turn yellow, then brown, and finally almost black. Decaying larve 
which have died of this disease do not usually stretch out in a long 
thread when a small stick is inserted and slowly removed. Occasion- 
ally there is a very slight “‘ropiness,’’ but this is never very marked. 
The thoroly dried larve form irregtlar scales which are not strongly 
adherent to the lower side wall of the cell. There is very little odor 
from decaying larve which have died from this disease, and when an 
odor is noticeable it is not the “‘ glue-pot’’ odor of the American foul 
brood, but more nearly resembles that of soured dead brood. Thisdisease 
attacks drone and queen larve very soon after the colony is infected. 
It is as a rule much more infectious than American foul brood and 
spreads more rapidly. On the other hand, it sometimes happens that 
the disease will disappear of its own accord, a thing which the author 
never knew to occur in a genuine case of American foul brood. Euro- 
pean foul brood is most destructive during the spring and early summer, 
often almost disappearing in late summer and autumn, 
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TREATMENT OF INFECTIOUS DISEASES. 


The treatment for both American foul brood and European foul brood 
is practically the same. It is impossible to give minute directions to 
cover every case, but care and common sense will enable any bee keeper 
successfully to fight diseases of brood. 

Drugs.—Drugs, either to be given directly in food or to be used for 
fumigating combs, can not be recommended for either of these diseases. 

Shaking treatment.—To cure a colony of either form of foul brood it 
is necessary first to remove from the hive all of the infected material. 
This is done by shaking the bees into a clean hive on clean frames with 
small strips of comb foundation, care being taken that infected honey 
does not drop from the infected combs. The healthy brood in the 
infected combs may be saved, provided there is enough to make it profit- 
able, by piling up combs from several infected hives on one of the 
weakest of the diseased colonies. After a week or ten days all the brood 
which is worth saving will have hatched out, at which time all these 
combs should be removed and the colony treated. In the case of box 
hives or skeps the bees may be drummed out into another box or pref- 
erably into a hive with movable frames. Box hives are hard to inspect 
for disease and are a menace to all other bees in the neighborhood in 
a region where disease is present. 

The shaking of the bees from combs should be done at a time 
when the other bees in the apiary will not rob and thus spread disease, 
or under cover. This can be done safely in the evening after bees have 
ceased to fly, preferably during a good honey flow. Great care should be 
exercised to keep all infected material away from other bees until it 
can be completely destroyed or the combs rendered into wax. Wax from 
diseased colonies should be rendered by some means in which high heat- 
ing is used, and not with a solar wax extractor. The honey from a dis- 
eased colony should be diluted to prevent burning and then thoroly 
sterilized by hard boiling for at least half an hour, if it is to be fed back 
to the bees. If the hive is again used, it should be very thoroly cleaned, 
and special care should be taken that no infected honey or comb be 
left in the hive. 

‘It is frequently necessary to repeat the treatment by shaking the bees 
onto fresh foundation in new frames after four or five days. The bee 
keeper or inspector must determine whether this is necessary, but when 
there is any doubt it is safer to repeat the operation rather than run the 
risk of reinfection. If repeated, the first new combs should be destroyed. 
To prevent the bees from deserting the strips of foundation the queen 
may be caged in the hive or a queen-excluding zinc put at the 
entrance. 

Treatment with bee escape.—The shaking treatment may be modified, 
so that instead of shaking the bees from the combs the hive is moved 
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from its stand, and in its place a clean hive with frames and founda- 
tion is set. The queen is at once transferred to the new hive, and the 
field bees fly there when they next return from the field. The infected 
hive is then placed on top of or close beside the clean hive and a bee 
escape placed over the entrance of the hive containing disease, so that 
the younger bees and those which later emerge from the cells may leave 
the hive but can not return. They therefore join the colony in the new 
hive. , 

Fall treatment.—lIf it is desirable to treat a colony so late in the fall | 
that it would be impossible for the bees to prepare for winter, the treat- 
ment may be modified by shaking the bees onto combs with plenty of — 
honey for winter. This will be satisfactory only after brood rearing 
has entirely ceased. In such cases disease rarely reappears. 

In the Western States. where American foul brood is particularly 
virulent, it is desirable thoroly to disinfect the hive by burning the 
inside or by chemical means before using it again. This is not always 
practised in the Eastern States, where the disease is much milder. 
Some persons recommend boiling the hives or disinfecting them with 
some reliable disinfectant such as carbolic acid or corrosive sublimate. 
It is usually not profitable to save frames because of their comparatively 
small value, but if desired they may be disinfected. Great care should 
be exercised in cleaning any apparatus. It does not pay to treat very 
weak colonies. They should either be destroyed at once or several 
weak ones be united to make one which is strong enough to build up. 

Recently some new “ cures’”’ have been advocated in the bee journals, 
particularly for European foul brood, with a view to saving combs from 
infected colonies. The cautious bee keeper will hardly experiment with 
such methods, especially when the disease is just starting in his local- 
ity or apiary, but will eradicate the disease at once by means already 
well tried. 

In all cases great care should be exercised that the bee keeper may 
not himself spread the infection by handling healthy colonies before 
thoroly disinfecting his hands, hive tools, and even smoker. Since it 
takes but a very small amount of infected material to start disease in a 
previously healthy colony, it is evident that too much care can not be 
taken. In no case should honey from unknown sources be used for 
feeding bees. Care should also be exercised in buying queens, since 
disease is often transmitted in the candy used in shipping cages. 
Combs should not be moved from hive to hive in infected apiaries. 


‘ 


‘ PICKLE BROOD.”’ 


There is a diseased condition of the brood called by bee keepers 
‘pickle brood,’’ but practically nothing is known of its cause. It is 
characterized by a swollen watery appearance of the larva, usually 
accompanied by black color of the head. The larvee usually lie on their 


¢ 
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backs in the cell, and the head points upward. The color gradually 
changes from light yellow to brown after the larva dies. There is no 
ropiness, and the only odor is that of sour decaying matter, not at all 
Jike that of American foul brood. In case the larve are capped over, 
‘the cappings do not become dark, as in the case of the contagious 
“diseases, but they may be punctured. So far no cause can be given 
) this disease, and whether or not it is contagious is a disputed point. 
‘Usually no treatment is necessary beyond feeding during a dearth of 
honey, but in very rare cases when the majority of larve in a comb are 
dead from this cause the frame should be removed and a clean comb 
‘put in its place to make it unnecessary for the bees to clean out so 


much dead brood. 
\/ 


CHILLED, OVERHEATED, AND STARVED BROOD. 


Many different external factors may cause brood to die. Such dead 
brood is frequently mistaken, by persons unfamiliar with the brood dis- 
eases, for one or the other of them. Careful examination will soon 
Jdetermine whether dead brood is the result of disease or merely some 
Butside change. If brood dies from chilling or some other such cause, 
it is usually soon carried out by the workers, and the trouble disappears. 
No treatment is necessary. Brood which dies from external causes 
‘often produces a strong odor in the colony, but wholly unlike that of 
American foul brood, merely that of decaying matter. The color of 
such brood varies, but the characteristic colors of the infectious diseases 
-are usually absent, the ordinary color of dead brood being more nearly 
eray. 

Approved: 

JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., October 3, 1906. 
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fo THE MELON APHIS. 
| (Aphis gossypui Glov. ) 


By F. H. Currrenpen, 
Entomologist in Charge of Breeding Experiments. 


NATURE OF ATTACK. 


The melon aphis, or, as it is commonly known, the ‘* melon louse,” 
‘injures plants by piercing them with its beak and sapping their vital- 
lity. It occurs from early spring to late in autumn on melons and 
‘other cucurbits of all kinds, and on many other crop plants, and in 
‘seasons which favor its increase, notably in summers following springs 
that are cool and rainy, it frequently develops in enormous numbers 
and does very serious damage, collecting in masses on the under sur- 
face of the leaves of plants and causing them to curl, shrivel, and lose 
color, and interfering with the ultimate development of the fruit. 
Often it kills plants outright, and destroys whole fields or greatly 
reduces the yield of fruit. An affected cantaloupe plant is illustrated 
‘by figure 1. 

The melon aphis, like others of its kind, excretes ‘* honey dew,” but 
this is not so copious as in the case of many species of alee: for 
example, certain forms which affect trees. When, however, the aphis 
under discussion becomes unusually abundant, the honey dew covers 
the leaves of the affected plants with a thin, sticky coating on which 
‘the white cast skins of the aphides adhere, and this attracts attention 
to injury, as does also the wilting and dying down of the plants. 
Some persons notice this honey dew, and are unaware of the presence 
of the insects. They speak of the injury as *‘ honey dew,” and have 
even applied this name to the insect itself.“ 

Quite too frequently, by the time the presence of the melon aphis 
in injurious numbers is noticed, irreparable damage has been accom- 
plished and the insects have for the most part migrated to other 
pastures. 


| @Attack by many forms of aphides, especially those which excrete honey dew 
more copiously, can be readily detected by the presence of insects which feed on the 
sweet excretion. Among these are flies, wasps, bees, and especially ants. The 
melon aphis, however, is not an especial favorite with ants, altho some common spe- 
cles are occasionally found in attendance upon it. The pavement ant ( Tetramorium 
cespitum L.) is the only species which has thus far been observed by the writer, and 
neither ant nor aphis appears to be in any way dependent on the other for its exist- 
ence, contrary to that which is the case with many other aphides, peruculany those 
which have root-feeding forms. 
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2 
DESCRIPTION. 


The melon aphis is a minute, soft-bodied creature, of variable color. 

usually of some shade of green or greenish black; in its young and. 
wingless stages, louselike in appearance; and of sluggish habit thru- 
out its existence. The general appearance of this species in its most 
commonly observable stages is indicated in figure 2, highly magnified. 
A brief description of the stages figured will suffice for the present 
purpose. 

The ege has been 
described by Mr. Th. | 
Pergande“ as of regu- 
larly oval shape and 
measuring about0.6™™ 
in length; yellowish 
or greenish when first 
deposited, soon chang- 
ing to jet black. 

The larval aphis or 
nymph (fig. 2,6) when 
first born or hatched 
presents no observable | 
characters for com-_ 


sponding to the pupa 
at ¢ that it requires 


less female, which is 
as viviparous (giving 
FiG. 1.—Cantaloupe leaves showing curling caused by melon aphis; birth to living young), 

aphides on lower surface. Slightly reduced (original). ie figured at d. Great . 


variation is exhibited in this stage, from pale yellow to very dark green, 


parative description. — 
It measures less than | 
0.5™™ and is pale in- 
color, turning later_ 
to yellow. The last— 
nymphal stage, corre- 


of other insects, is | 
sufficiently illustrated — 


no verbal description. — 
The apterous or wing: — 


with black nectaries or honey tubes and pale whitish-yellow legs and — 


antenne. © This stage varies in length from 1.5 to 1.8"". The winged 
female is illustrated at a, which shows a form with pale abdomen. 


The body is more slender than in the wingless form, the length being | 
F 2 i 


aInsect Life, Vol. VII, pp. 309-315, 1895. Technical descriptions are furnished 
also by Forbes, 12th Rept. St. Ent. Ill. f. 1882 (1883), pp. 83-91. 


- from 1.2 to 1.8"", while the wings expand from 4.5 to 6™™. A darker 
form of the female is shown in profile at ab, and the antenne, much 
enlarged, at aa. The male has not as yet been recognized. 

This is by far the most important and abundant aphis affecting 
melons and other cucurbits, and is not likely to be confused with any 
other species occurring habitually on the same class of plants.” It is, 
indeed, a very important pest, and, taken season after season, the worst 
aphis occurring in this country. 


: 


Fic. 2.—Melon aphis (Aphis gossypii): a, winged female; aa, enlarged antenna of same; ab, dark 
female, side view, sucking juice from surface of leaf; b, young nymph or larva; ec, last stage of 
nymph; d, winglessfemale. AIl greatly enlarged (author’s illustration). 


DISTRIBUTION. 


The origin of the melon aphis is doubtful, but is probably tropical, 
since this insect shows a decided preference for plants of a tropical 
nature, such as the cucurbits, cotton, and orange. Southward the 
aphis occurs in the West Indies, in Mexico, and in Brazil, and doubt- 
less elsewhere in South America. It is very generally distributed 
thruout the United States, but does more injury in the southwest than 
elsewhere. In Texas, Kansas, and Nebraska it is particularly trouble- 
some to melons, and in the last two States to cucumbers, which are 
there extensively grown for pickling. But it may at any time create 


@The squash aphis (Nectarophora [Siphonophora] cucurbite Middleton), a much 
larger species, more uniformly green, and of a much lighter and brighter color, is 
often found on cucurbits, but seldom in sufficient numbers to cause noticeable 
damage. - 
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more or less trouble in northern regions, particularly in Virginia, 
Maryland, Delaware, and New Jersey, where cucurbits are much cul- 
tivated. Occasionally it is injurious as far north as Minnesota and 
west to California. It has been collected also in Adelaide, South 
Australia. 

INSTANCES OF INJURY. 


The melon aphis first attracted notice thru its injuries to cotton in 
1854, and from that time on it has done more or less.damage year by 
year, and, in view of its rapacity, rapid multiplication, and omnivo- 
rous habits, will no doubt continue injurious in spite of all that can 
be done to repress it. Asa melon and cucumber pest it was noticed 
in Florida and southern Illinois in 1880, and in the next three years 
caused considerable losses in those States and in Georgia. Soon after- 
wards it became recognized as a strawberry pest. In later years many 
other food plants were added to its known dietary. The years 1892, 
1893, and 1898 were unusually bad ‘‘aphis years.” 

In 1893 information was received from a pickle company of Omaha, 
Nebr., of severe injury in that State. This company was growing 
between 30,000 and 50,000 bushels of cucumbers a year, and sey- 
eral hundred neighboring farmers grew this vegetable for the com- 
pany. Two-thirds of the crop grown in 1892 was destroyed by the 
aphis, and in 1893 half of the crop was lost. These injuries made it 
difficult to induce outside planters to grow for the company. 

In 1898 this species was extremely troublesome. In order that a 
good idea of its destructiveness may be had, some reports are cited. 
In January injury was reported on cucumbers in Florida and in May 
to strawberries in Delaware, where the insects were described as 
**taking everything clean.” By June this insect had been very 
injurious to watermelon in southern Texas, when it destroyed many 
acres of early vines. In July Texas correspondents reported the 
destruction of 1,000 acres of cantaloupes in one locality, and the out- 
break assumed such proportions as to cause much newspaper com- 
ment. One company reported that the ravages of this pest had cost 
them $20,000, and that agriculturists of that section had sustained irre- 
trievable loss. In November a Pennsylvania correspondent reported 
losses to cucumbers grown under glass, and in December this aphis 
resumed its ravages to cucumbers in Florida. ; 


LIST OF FOOD PLANTS. 


The insect here considered is the most nearly omnivorous of any 
known species of aphis. The list of plants upon which it has actually 
been found feeding shows great diversity, and future observations 
may add many more host plants. 

It is partial to the plants that have previously been mentioned— 
melons and other cucurbits, cotton, okra, orange and other citrus 
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fruits, strawberry, and purslane—but it attacks also clover, beans, 
beets, spinach, tomato, hops, and pear, and several ornamental plants, 
including hydrangea, begonia, ground ivy (Wepeta glechoma), Aca- 
lypha, and morning-glory. From its abundance on some of these 
plants it has received a number of common as well as Latin synonym- 
ical names, the former including cotton aphis, orange aphis, cucumber 
louse, and cantaloupe louse.“ It is frequently called also the ‘* black 
aphis,” especially in its occurrence in greenhouses. Mr. Pergande has 
found it feeding upon a large number of weeds, among which are shep- 
herd’s purse, pepper-grass, pigweed (Amaranthus), dock (Rumex), bur- 
dock (Arctium), dandelion, lambsquarters (Chenopodium), plantain, 
chickweed, button-weed (Diodia), mallow, dogwood (Cornus), and 
Jamestown or jimson weed (Datura). | 

Since these aphides are not at all particular as to their food, when 
they migrate from their favorite plants they start colonies on nearly 
any plant that chances to be in their line of flight. The writer has 
seen asparagus and violet attacked, the latter grown in greenhouses. 


LIFE HISTORY. 


Attack to cultivated plants begins from early spring till consider- 
ably later, and is made by winged individuals flying from weeds which 
serve asalternate food plants. Infestation naturally commences earlier 
in the South than northward, and may be simultaneous with the appear- 
ance of the crop above ground. Soon after the plants have developed 
leaves a few winged aphides can usually be found, and these are the 
forerunners of myriads to follow. As often as a plant becomes 
exhausted of its vital juices by the sucking mouth-parts of innumera- 
ble aphides, winged individuals are developed which migrate to other 
plants, so that migration in the case of this species is carried on prac- 
tically thruout the season. Flight from one kind of food plant to 
another, or from one field to another, is caused also by disturbance 
from the abundant natural enemies of the insect. The great num- 
bers of this species sometimes suddenly discovered on melons, cotton, 
orange, and other plants are often due to enforced migration on account 
of the death of other food plants in the vicinity, such as might be 
caused by atmospheric conditions, or by the ravages of the aphides 
themselves, or of other insects. The removal of the crop on which 
the insect was at work will produce the same effect. 


NATURAL ENEMIES. 


There is perhaps no better example, among insects, of a common 
and widespread species being held in abeyance and limited to innoxious 


@ The synonyms include Aphis (Siphonophora) citrifolii Ashm., Aphis citrulli Ashm., 
Aphis cucumeris Forbes, Aphis forbesi Weed. It is still mentioned in literature as 
A. cucumeris. 
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numbers (save in exceptional seasons) by natural enemies than the 

melon aphis. The usefulness of these natural enemies, of which a 
large number have been recorded, in subduing the aphides can not be 
overestimated. Garden and field aphides generally are subject to 
attack by the same classes of parasitic and predaceous enemies. The 
number of species of insects known to prey upon the melon aphis is — 
about 35. The list includes many ladybirds or ‘*‘ ladybugs” (Cocci- 


nellide),“ which destroy the aphis both as beetles and as larve; the 


maggots of certain syrphus-flies (Syrphide),? which consume large 
numbers of aphides; aphis lions-—the larve of lace-wing flies, of the 
families Chrysopide and Hemerobiidee.° A number of species of para- 
sitic insects, chiefly minute forms of Braconide, are also very impor- 
tant checks on the increase of aphides.” Many, too, are destroyed by 
parasitic fungi. 

The insect enemies of these, as of other aphides, keep their hosts, 
in many portions of the country and in ordinary seasons, in nearly 
complete subjection. The parasites, in particular, are most effective 
in dry, warm weather. In cooler, moist summer weather, especially 
following the same atmospheric conditions in spring, when vegetables 
subject to aphis injury are starting growth, these otherwise natural 
checks are less active, and the aphides, as a result, frequently gain the 
ascendency. 

Some of the commonest species of ladybird enemies of this and 
other aphides are illustrated in figure 38. Inthe ‘‘aphis year” of 1898 
the Scymnus (fig. 3, 4, 2, 7) was particularly abundant in and near the 
District of Columbia on aphis-atfected plants. A still more abundant 
and useful form of this class of insects is the convergent ladybird 
([Tippodamia convergens Guér.), shown in fig. 3, a, 6, c. It is fre- 


« Hippodamia convergens Guér. and Cycloneda sanguinea L. are prominent enemies, 
as are also Megilla maculata De G. (fig. 3, d, e) and Coccinella 9-notata Hbst. Other 
species are Seymnus terminatus Say, S. caudalis Lec., S. cervicalis Muls. (A), 
Chilocorus bivulnerus Muls., Exochomus constristatus Muls. (H), and Hippodamia 
13-punctata L. 

bSyrphus flies include Syrphus americanus Wied., Allograpta obliqua Say, Baccha 
clavata Fab. (babista Walk.), B. lugens Loew. (H), B. cognata Loew. (H), B. fusci- 
pennis Say (A), and EHupeodes volucris O. 8S. An agromyzid fly, Leucopis nigricornis 
Egger, also preys on this aphis. Cecidomyiid enemies include certain undetermined 
species of Contarinia (Diplosis). 

¢ Among the lace-wing flies are Chrysopa oculata Say, C. plorabunda Fitch, C. albi- 
cornis Fitch (A), C. nigricornis Burm. (A), C. lineaticornis Fitch (A), C. attenuata 
Walk. (A), Micromus posticus Walk., and Hemerobius gossypii Ashm. (A). 

@d Parasitic braconids include Trioxys testaceipes Cress., Lysiphlebus gossypii Ashm., 
L. citraphis Ashm., L. cucurbitaphis Ashm., L. minutus Ashm., Lysiphlebus sp., and 
Pachyneuron sp. <A chalcis fly, Stenomesius aphidicola Ashm., has also been reared. 

The species followed by (H) were observed attacking Aphis gossypii on orange trees 
in Florida by H. G. Hubbard, those marked (A) by Wm. H. Ashmead on cotton in 
Mississippi. The others are mostly well known, and have been observed by various 
persons, as well as by the writer. 
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quently mistaken for the parent of the aphides. Another very efficient 
enemy, the nine-spotted ladybird, is shown in figure 3, £, . 

One of the most abundant syrphus-fly enemies is illustrated by 
figure 4. 


J 


Fic. 3.—a, Adult of convergent ladybird (Hippodamia convergens); b, pupa of same; c, larva of same; 
d, adult of spotted ladybird (Megilia maculata); e, larva of same; f, adult of nine-spotted ladybird 
(Coccinella 9-notata); g, larva of same; h, adult of Scymnus terminatus; i, larva of same; j, pupa of 
same. All enlarged; size indicated by hair line at right (author’s illustrations, fj original). 

Of the natural enemies which have been enumerated, ladybirds are 
particularly valuable, owing principally to the fact that they are active 
at all seasons, especially at the outset of aphis attack. Parasites are 
most effective toward the end of the season, when they often reduce 
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the aphides so that few are left to hibernate and produce other gen- — 
erations of the pest the following year. 3 

The value of these natural enemies against aphides is such that 
entomologists frequently advise the employment of remedies only 
when the enemies are not present in abundance. The possible utiliza- 
tion of natural enemies in the field will be considered on pages 15 and 
16 of this circular. In tobacco fumigation, which will presently be 
considered, we have an almost ideal remedy, for the reason that, while 
aphides are all destroyed, a considerable proportion of the ladybirds 
and other hardy beneficial insects, which are practically always present 
on the infested vines, survive this treatment. 


Fig. 4.—A syrphus-fly (Syrphus ribesii): a, fly; b, lateral view of head; ¢, larva or active immature 
form; d, anal spiracles; e, thoracic spiracle of same. All much enlarged (original). 


METHODS OF CONTROL. 


The severe losses occasioned by the melon aphis in its seasons of 
greatest destructiveness could be largely mitigated and in many cases 
almost entirely prevented if the employment of methods for its con- 
trol were begun upon the insect’s first appearance. For its successful 
treatment it is necessary to keep constantly in mind several of the 
facts that have already been given more in detail. In ordinary sea- 
sons the species is controlled by the combined operation of natural 
elements and insect enemies, but at times when the weather is unfa- 
vorable to the development of these enemies the grower should be on 
the alert. The presence of the aphides is often not detected until they 
are numerous, and even then they are not apt to be noticed unless the 
lower surface of the leaves be examined. 

All things considered, the most satisfactory way of controlling this 
insect is by fumigation. As an aid, however, cultural methods are 
necessary. In the South spraying with kerosene and other emulsions 
is preferred to the bisulfid of carbon method, and tobacco is now much 
used, especially in Texas. The encouragement of natural enemies 
gives promise of success. 
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BISULFID OF CARBON FUMIGATION. 


This treatment of the melon aphis es been meee pecs for 


HBeurbit or aioe crops are grown over es areas. lt Ganasts in 
/evyaporating bisulfid of carbon under tubs, or similar tight receptacles, 
*such as pails, buckets, or boxes. The chemical is employed at the 
‘rate of a dram (about a teaspoonful) to each cubic foot of space; a 
“tablespoonful will serve for ordinary small tubs. This method of 
‘treating the plant does not injure it, and if the tub fit tightly to the 
ground, so as to retain the vapor of the bisulfid, all of the aphides 
wwhich are covered will be killed. This method may be followed suc- 
cessfully in large fields if the grower be careful to watch the vines for 
the first appearance of the insects, and to treat such hills as require 
fumigation, removing and destroying plants that are badly affected to 
prevent the spreading of the insects to others.“ 

Caution.—In the use of bisulfid of carbon as a fumigant for aphides 
the usual precaution should be observed not to expose the fumes to fire. 
The operators must not smoke during this process! As the gas is 
heavier than air there is no danger, if ordinary care is observed, that 
the fumes will be inhaled by human beings. 


HYDROCYANIC-ACID GAS TREATMENT. 


This gas, as has been demonstrated by Prof. E. D. Sanderson, can 
be used in the field in much the same manner as the bisulfid of car- 
bon, with wooden tubs or buckets. It has not, however, been adopted 
by growers and we do not recommend it. It possesses an advantage 
over bisulfid of carbon in that the cover used in gassing need not fit 
closely to the earth. On the other hand, it is decidedly more danger- 
ous to human life and must therefore be handled with the greatest care! 

As a greenhouse insecticide this gas isa perfect remedy for aphides 
and other small and soft-bodied insects. It is used where tobacco is 
unsafe; for example, in violet houses, violets being especially subject 
to ‘‘spot” after fumigation with tobacco. The method of applying 
jhydrocyanic-acid gas is described in Circular No. 387 of this Office. 


PYRETHRUM POWDER. 


Pyrethrum or buhach insect powder, administered dry with a pow- 
der bellows to the lower surface of leaves, will kill the insects, altho 
these sometimes do not appear to be affected at first. A second or 
third application is sometimes necessary. This is an expensive rem- 
edy and can not be used with profit on large fields or on plants with 
large leaves, like squash. 


a@In New fone and Golo many growers simply take aie Hinge ieee face badly 
infested plants as are noticed when the hills are turned for cultivation. 
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FUMIGATION WITH TOBACCO PREPARATIONS. 


Tobacco extracts and fumigating powders have been extensively 
used for a number of years by florists as fumigants against aphides 
and other insects occurring in greenhouses, such as white fly, thrips, | 
and other small, delicate, and soft-bodied insects. The extracts con- | 
tain a larger proportion of nicotine than ordinary decoctions prepared — 
by steaming waste stems and powdered tobacco, and are therefore 
much more effective, which is true also of the powdered forms of nico- 
tine. A number of these preparations are on the market and are_ 
advertised in the principal florists’ journals and in other agricultural © 
periodicals. They are used in various ways, and directions are fur- 
nished with the packages purchased. ‘The liquid preparations vary in 
strength from 35. or 40 per cent up to 80 to 85 per cent nicotine. 


FIELD FUMIGATION WITH TOBACCO. 


During the years 1904 to 1906 the employment of tobacco or nico-— 
tine preparations in destroying the melon aphis in the field was the 
subject of experiment in Texas by Messrs C. E. Sanborn and E. D.— 
Sanderson.” These have stated to the writer that, judging from their 
experimental use of this method and its Sane use by extensive 
growers, it bids fair to become the best method of dealing with the 
melon Aes in its occurrence in the South. The process is in brief 
the fumigation of a dry preparation under a cloth-covered frame— 
placed over the affected vines. In 1905 and 1906 the writer found 
that a very short exposure to tobacco fumes killed aphides, when other 
insects, such as thrips, survived a considerably longer treatment. 

In practising this method Mr. Sanborn has used apparatus substan-— 
tially as follows: : 

Preparation of the frame and cover.—For vines 2 or 3 feet long hel 
advises a light frame 4 by 6 feet, supported by legs 8 inches in length. © 
Lumber three-fourths inch ick and 2 inches wide is suitable. 
Strengthen the frames by connecting the ends with acrosspiece. Two 
diagonals are also used for strengthening the frame and for conven-— 
ience in handling, the latter being attached after the cloth cover is in- 
position. The cover is of muslin of a cheap grade (7 or 8 cents a 


yard) and sufliciently compact to prevent a passage of gas thru its— 
meshes after being oiled. Its size should be about 2 feet wider and 
2 feet longer than the frame which it covers. This is sufficient foran — 
5-inch wall and a 4-inch lap to the ground. Dirt is placed about the- | 
bottom to keep the gas from escaping there. . | 
After the cloth has been cut and sewed into the sizes desired it is 
saturated in a vessel of linseed oil which fills the pores. It is then - 


a An experiment with tobacco. ‘smoke as a remedy for this species was ‘made by | 
Dr. 8. A. Forbes in 1882. The result was not a perfect success, for the reason that a— 
bee smoker was used and the smoke was blown under canvas hay caps covering the — 
affected plants. Nevertheless from 50 to 75 per cent of the aphides were killed by — 
10 minutes’ exposure. 
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\7rung out, slightly dried, and placed over the frame and held in place 
iy nailing the diagonals to the frame above the cloth. A gallon of 
xinseed oil is sufficient for rendering four covers of the size above 
|pecified sufficiently air-tight for this ‘method. s 

' The number of frames for use depends upon the degree of infesta- 
jion and the rapidity of the operators. Ordinarily meow 10 frames 
|'re sufficient for one man’s attention. 

Method of application.—The frame is placed over the infested plant. 

‘Ine sheet of the fumigating preparation is torn into from two to four 
i more equal parts (according to directions on the package or as 
(xperience may decide) and each part is put in a tin fruit can under 
Whe frame near a corner and then ignited. The cans are perforated 
\t the bottom by driving a large nail in at the side. It is well to usea 
Yonge taper or fuse for lighting the fumigant, affording the more active 
yeneficial insects time to escape from under the cover before the tobacco 
fumes are given off. Earth is then heaped on the border of the cloth 
m the ground to prevent the escape of the smoke. The frame should 
‘emain in position ten or fifteen minutes, or longer if preferred. Each 
yperator should have enough frames to handle so that each frame in 
succession may remain on a vine during the time mentioned. 

In localities where the aphis is most injurious local merchants who 
eal in insecticides should be informed of the fact and requested to 
seep a supply of fumigating preparation always in stock. 

_ The best time for fumigating is when there is no wind and the vines 
we damp. In moderately dry weather, however, good results may 
de obtained. 

~ Cautton.—Care should be exercised not to allow the dry fumigant 
so ignite. It should smolder only. Vines should not be disarranged 
axcept where they protrude a few inches beneath the cover. The 
eaves should not touch the top of the cover. 

Variations of the fumigating frame.—-The frame described above 
gas been used in the fumigation of young plants in southern Texas. 
The size and make-up of the frames may be altered or improved by the 
individual grower to adapt them to the size of the vines and the nature 
of the plant to be fumigated. Farther north than Texas manifestation 
of injury is not usually observable until the plants have made consid- 
erably larger growth, and a larger frame, say about a foot high, will 
be found more desirable for general use. Unbleached cotton of com- 
pact mesh, at 10 cents a yard, answered as well as the oiled ‘* muslin” 
in experiments conducted by the writer, and there is a saving of time 
in its use. Moreover, it does not collect dirt nor soil the clothing and 
other objects with which it comes in contact. 

For the treatment of plants other than cucurbits, such as cabbage 
affected by the cabbage aphis, eggplant, tomatoes, and other truck 
Mr. Sanborn advises a hood, using a frame made of two wires bent in 
asemicircle. Strong barrel hoops may be substituted, and the cover 
tacked to them at the top where they cross and at the bottom of the 
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hoops. Ornamental plants of low-growing sorts may be fumigated by _ 
means of such a hood, while for moderately high plants, such as roses, - 
which are much afected by two common species of aphides, special q 
covers may be constructed. 


VAPORIZING AND FUMIGATING TOBACCO IN GREENHOUSES. 


In the vaporization of tobacco—a practise which has been in use | 
since about 1894 and which has largely superseded ordinary dry-tobacco 
fumigation in many sections—tobacco stems or dried tobacco, in one or 
another of its various proprietary forms, are placed in a kettle, metal — 
pail, or similar receptacle. A hose is then connected with a steam © 
pipe, the nozzle inserted in the receptacle, and the house to be treated © 
becomes saturated with the vapor of tobacco, with the resulting 
destruction of Unies and other ste bodied inseots that may be pres 
ent, such as thrips or ‘*‘ white fly.” 

Tuiquid preparations are more gener ally eV aporated over alcohol or 
other lamps, or are placed upon steam pipes, or hot irons are put mto 
the receptacles. For general greenhouse fumigation, fumigating 
powders are placed in shallow pans, and a few drops of kerosene are 
added to facilitate ignition. The dry fumigant is designed to burn 
slowly, so as to produce a smudge which, when dense, is fatal to 
aphides. This process of treatment may be applied at any time, by 
day or over night, and upon its completion the house is ventilated. In 
some cases the plants are syringed, but this is not necessary with plants 
like cucumbers. A surplus of moisture is to be avoided, owing to the 
liability of inducing ‘‘ spot,” mildew, and other fungous diseases on > 
plants susceptible to such maladies. 

The amount of a tobacco compound to be used depends upon its 
strength, the plants to be treated, and the size of the greenhouse. Sey- 
eral forms are for sale under different trade names. It is not probable 
that these différ greatly from one another in value, but there is much dif- 
ference in their strength. They are put up in both dry and liquid forms. 

In experiments conducted on greenhouse cucumbers at the Massa- 
chusetts Agricultural Experiment Station, at Amherst, one of these 
preparations has been used successfully at the rate of 5 or 6 teaspoon- 
fuls to 1 pints of water, and vaporized ina space of about 5,000 cubic 
feet. The length of exposure in this case was over night. Thus used, 
it does not injure delicate plants, like cucumber, but it kills all aphides 
and nearly all thrips—for which it was used primarily and which are 
not infr equently associated with aphides o on | the plants to be treated.? 


a 1 Thrips and ‘‘ white fly’’ (Aleyrodes spp.) are more ‘resistant to poisonous gases 
than are aphides. The former are most effectively destroyed while in the soft imma- 
ture stages. The adult thrips are hardier and, being winged and more active, spring 
and fly away, and are thus not so easily brought in direct contact with insecticides 
like kerosene emulsion. The white flies, on the other hand, are more susceptible 
to poisons while in the active adult stage. The nymphs are of firmer consistency 
and comparatively resistant. Remedies for the greenhouse white fly are discust in 
Circular No. 57. 
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Tobacco in fine powder form dusted lightly on very young plants 
[serves both as a repellent and as a mulch, or fertilizer. It is claimed 
«by some to deter the striped cucumber beetle; others report that it is 
‘not effective for this beetle. 

A successful fumigation or vaporization of a cucumber house 
infested with the melon aphis was made also in June, 1906, at Ana- 
‘costia, D. C. A different preparation was used, and 66,000 cubic feet 


‘fifteen minutes, when the ventilators were opened and the greenhouse 
haired, the aphides were found dead and dying, and the cucumbers 
jwere unharmed. Eight evaporators were used in this instance, each 
vholding a little less than 3 ounces of the liquid. It is quite probable 
that a considerably smaller amount of the preparation, say 1 ounce to 
| 5,000 cubic feet, with an all-night exposure, would have accomplished 
ithe same object. The cost of fumigation is not above $2.50 for a 
house containing 64,000 cubic feet. 
* CauTion.—Before fumigating an entire greenhouse with any sub- 
istance a preliminary test is always advisable to guard against acci- 
dents and to avoid waste of material. In the case of one liquid 
jtobacco fumigant used at Washington, the preliminary test showed 
‘that, employed at the strength advised by the manufacturers (/. ¢., 
without dilution), it ignited in the evaporating pan instead of vaporiz- 
jing. This trouble was obviated by diluting the fumigant with half its 
}amount of water, the further precaution being taken of placing a wire 
\gauze beneath the pan and over the flame. In the case of some alcohol 
|lamps used for this purpose the flame is apt to be too strong, espe- 
cially if placed too near the evaporator. This causes the glass to break. 
Brass or other metal lamps are therefore preferable. Unless the 
lamps and wicks are of good quality and fit properly, the alcohol is 
apt to ooze out around the cork and burn on the sides of the lamp and 
thus, also, cause breakage. 

As a general rule it is best not to fumigate in bright sunlight, and 
(not when delicate foliage or flowers have globules of water on them. 
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SPRAYING METHODS. 


| Kerosene emulsion and soap solutions.—The melon aphis could’ be 
much more readily dealt with if it were not for its unfortunate habit of 
feeding on the under surface of leaves—which are often badly curled, 
as shown in figure 1—and for the further fact that in large fields, par- 
ticularly Jate in the season when the leaves are large, the vines grow 
/s0 closely together, frequently becoming interlaced, that spraying by 
|ordinary meansis impracticable. Underspraying is an absolute neces- 
‘sity, and a sprayer should be used fitted with an upturned elbow and a 
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nozzle of the Vermorel type to secure this effect. An elbow designed 
for this purpose is sbown in figure 5. | 

Kerosene-soap emulsion, the standard remedy for aphides, is the best 
insecticide for spraying purposes, but various soap solutions are used 
both for the melon and pea aphides. They are diluted with 6 to 8 parts 
of water. The emulsion and soap washes are of particular value when 
the plants are small, as then the aphides can be more readily reached 
than when the leaves have grown to larger size; and, to repeat, if inju- 
ries are to be averted the insect should be checked on its first appear- 
ance, not alone on cucumbers, melons, squashes, or whatever the main 
crop may be, but upon all neighboring plants which may harbor the 
insect, including beds of strawberry or groves of orange trees. 

Kerosene-soap emulsion is prepared by combining 2 gallons of kero- 
sene, one-half pound of whale-oil soap, or 1 quart of soft soap, with 1 
gallon of water. The soap is dissolved in boiling water and then 
poured while still boiling hot (away from the fire) into the kerosene. 
The mixture is then churned rapidly for about five minutes, pumping 
the liquid back upon itself by means of a force pump and direct-dis- 
charge nozzle throwing a strong stream. At the 
end of this time the mixture will have become of 
the consistency of thickcream. Properly prepared, 
an emulsion will keep almost indefinitely, and 
should be diluted only as needed for use. For 
most species of aphides the staple emulsion should 
MaRS cin be diluted with from 10 to 20 parts of water. In 

ment for underspray- the preparation of kerosene emulsion a force pump — 

Ing. cy is a necessity, since if not made according to— 
directions 4 perfect emulsion is not formed. There is then danger of 
injury to the plants by the kerosene, as also useless waste. There is 
danger and waste, too, if the insecticide is not applied by means of a 
fine nozzle in the form of a spray, which should be fine and mist-like, | 
or ‘‘like a fog,” as some one has aptly exprest it. It should be 
sprayed only for a long enough time to cover the plants, otherwise 
the liquid forms into globules and runs off. Figure 6 illustrates 
the method of operating a knapsack sprayer so as to produce an 
underspraying. 

Spraying with water.—W here a few plants only are to be protected, 
and it is possible to direct a strong stream of water upon them from a 
garden hose, syringe, or spraying machine, so as to wash off the 
insects, the aphis can be materially checked without the use of other 
materials. Such of the insects as come into direct contact with a stiff 
spray are unable to survive, while others that are dislodged from the 
plants do not succeed in returning. Many are wingless during the 
greater part of the season and unable to crawl any distance, particu- 
larly if the ground be dry and hot. 
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CULTURAL METHODS. 


Cultural methods give greatest promise as remedies. Clean garden- 
ing or farming with fall plowing should always be followed, as these 
form a most valuable measure of prevention of injury by this and 
_ other insects that are present in the fields. As soon as the crop is off 
- the remnants should be gathered and burned. All weeds in the vicinity 
should be kept down thruout the year, including late fall and carly 
"spring, since, as has already been shown, the common weeds of the 
field and garden are available as alternate ~ 
food plants and serve as the hibernating | 
quarters of the aphides, which feed more or 
less thruout the warmer periods of winter. 
On weeds the insects can be found feeding, 
in a climate like that of the District of 
Columbia, until January, ‘Seven after heavy 
frosts or snow,” and again in March. 
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CONTROL OF THE MELON APHIS BY NATURAL 
ENEMIES. 


The possible control of this pest with 
‘the assistance of its natural enemies, aided 
‘by a trap crop, 
is proposed by 
Mr. Sanborn, who 
thas placed at the 
_writer’s disposal 
advance sheets of 
his publication in 
which this method 
is described. 

Rape, which is of 
value for hog and 
sheep pasture, is 
the crop advised. 
Kale or mustard” FG. 6.—Knapsack sprayer in operation, showing ethod «tf applying 
‘should serve the aa aly a 
“same purpose. This method begins in the fall when the trap crop is 

planted. 

_ The cabbage aphis (Aph7s brassice L.) is closely related to, but 
quite distinct from, the melon aphis. It winters over on the trap 


_ For several years the writer has observed that these two crops serve as a trap 
for the cabbage aphis, by luring them from cabbage and more valuable crops; also, 
_ that they are here largely destroyed and practically held in check by their principal 
insect enemies—which haye been illustrated in figure 3; and the idea of employing 
_ this means of attracting the natural enemies was suggested to the writer in 1900. 
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crop and attacks it early in spring, when, unless the natural enemie. 
come to the fore, it multiplies in great abundance. In the writer’ 
experience the ladybirds and other enemies soon gain the ascendancy 
and become so abundant that they are forced to migrate for food 
The trap crop will ordinarily remain in condition to sustain aphide: 
and their enemies until melons or other crops susceptible to melon 
aphis damage have past the danger stage and are ripening. 


attract aphides and their enemies from every direction, and this resul 
will be facilitated by permitting the growth of weeds between th 
rows. In fact, weeds are a desideratum in these operations, sinc 
they furnish the best natural hibernating places for the lady birds and 
similar beneficial insects. It is advisable also to place boards, loose 
bark, or hollow logs about the margins of the fields to secure better 
facilities for hibernation. As fast as one crop of rape, or whatever 
is used, matures, or its growth is stopt by the aphides (as might 
sometimes happen), another planting should be made so as to keep a 
constant supply of cabbage aphides on hand that the natural enemies 
may not migrate to other quarters. 


CONCLUSION. 


Many of the remedies that have been indicated as of service in the 
control of the melon aphis (with the exception of the last) operate 
against most other cucurbit insects, several species of which are 
usually present. Thus the kerosene emulsion and soap solutions kill 
young squash bugs and act as deterrents to most other insects, and 
bisulfid of carbon will kill other soft-bodied insects besides the aphides, 
while fall plowing and clean cultural methods are valuable in destroy- 
ing the squash-vine borer. Tobacco fumigation, however, has little 
effect on these other insects as they occur in the field. 


Approved: 
JamES Witson, 
Secretary of Agriculture, : 
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THE APHIDES AFFECTING THE APPLE. 


By A. L. QUAINTANCE, 


In Charge of Deciduous- Fruit Insect Investigations. 
INTRODUCTION. 


Four species of aphides, or *‘ plant-lice,” commonly infest the apple 
in the United States, namely, the woolly apple aphis (Schizoneura lani- 
_ era Hausm.), the European grain aphis (Siphocoryne avene Fab.), the 
-apple aphis (ApAzs malz Fab.), and the rosy apple aphis (Aphis mali- 
E folix Fitch). The first mentioned—the woolly apple aphis—infests 
the roots of the apple, producing a knotted, distorted growth, and 
:lso the limbs and branches, where the colonies are quite conspicuous 
rom the white, fiocculent material which the insects secrete. This 
“species has been treated in Circular No. 20, second series, of this 
office, to which the reader is referred. The other species above men- 
_ ioned infest the more tender growing shoots and leaves of the apple, 


and are especially injurious when occurring on young orchard or nur- 
) -ery trees, which are more commonly infested than older trees, making 
omparatively little annual growth. Water sprouts also are frequently 
nfested, and the shoots of top-worked trees are especially subject to 
attack. 

The presence of these insects is indicated by the curled and distorted 
condition of the more terminal leaves, and if a plant showing these 
symptoms be closely examined, small oval or pear-shaped soft-bodied 

_aphides, greenish or pink in color according to species, will be found 
on the under surface of the leaves, along the tender stem or elsewhere, 
atten practically covering these parts (see figure 1). 

Each aphis is provided with a small beak, which is pushed down 
nto the tissues of the leaf or stem and by means of which the sap 
‘s sucked up for food. When the insects are abundant, the drain 
ipon the plant is very great, interfering with its proper growth and 

development, and in extreme cases causing the death of the infested 
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_ The leaves and shoots of plants infested by these insects are fre- 

quently seen to be covered with a black substance, as if dusted with 
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soot. This is due to a black fungus which grows on the ‘honey 
dew” excreted by the apbides. This may be produced in such quan- 
tities as to coat the leaves, and is attractive to various species of ants 
and wasps frequently to be seen attending the aphides or frequenting 
plants infested by them. The black fungus noted is not in itsel 
especially injurious, but it usually indicates the presence of aphides, 
which may be 
the cause of ma- 
terial injury. 


APHIDES IN 
GENERAL. 


The insects of 
the family Aphi- 
didee, or ‘* plant- 
lice,” are espe- 
cially remarkable 
on aceount of 
their mode of de- 
velopment. This 
will vary con- 
siderably accord- 
ing to the species, 
but at some time 
in the life of a 
species true sexes 


‘ are produced, 
iss we : usually in the 


fall, the sexual 
female depositing 
X egos after the 

usual manner of 
Cha insects. Eggs 
Sa deposited in the 
AY autumn pass the 
winter in this 


condition, and 
Fic. 1.—Terminal shoot of apple infested with the apple aphis (Aphis malt), their hatching in 
showing condition of leaves. (Original.) 
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the spring is more 
or less coincident with the revival of growth of vegetation. From 
the winter eggs is produced a generation of females, usually wingless. 
which reproduce agamically—that is, without the intervention of 
males, many species, as those under consideration, giving birth to 
living young. The adult aphides of this first generation are termed 
‘**stem-mothers.” The offspring of the stem-mothers (second gener- 
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ation) may be winged or wingless, or both forms may occur; they 
reproduce agamically, some species being oviparous and depositing 
pseudoova, or eggs which do not require fertilization for develop- 
ment; while others are viviparous and bring forth young alive, the 
pseudoova developing within the body of the parent. There may be 
a succession of generations produced agamically, with most species 
this mode of reproduction continuing until the approach of autumn. 
when the true sexes appear and deposit eggs; or a species may be 
‘more or less biennial, some individuals producing true sexes only every 
second year. With still other species, the true sexes of which are at 
present unknown, agamic reproduction possibly continues for a series 
of years. The same species of aphide may present several forms, as 
wingless agamic females, winged agamic females, and the true sexual 
forms; in the last the male may be winged and the female wing- 
less, or both sexes may be wingless. The different generations of a 
given species may vary more or less, and in some instances this is the 
case to such an extent that they appear to belong to distinct species. 
_Aphides are enabled to increase with great rapidity by reason of the 
short time required by their young to reach maturity. Their powers 
of multiplication are so great that if unchecked the product of a 
single insect during one season would run up into the billions. Very 
fortunately, however, there are many drawbacks to their increase, 
among which are certain weather conditions, parasitic and predaceous 
insects, and fungous diseases. When one or more of these agencies 
are In abeyance, aphides may become very numerous and destructive 
locally or over a considerable range of territory. 


¢ 


THE EUROPEAN GRAIN APHIS. 


(Siphocoryne avenx Fab. ) 


The European grain aphis (fig. 2) is the common greenish apple aphis 
of the United States, and is the species erroneously considered by Fitch 
_as identical with the European Aphis mali Fab., by which name until 
recently it has been very generally known in our literature. Two 
species, however, have been confused under this name, the present 
-and the following, which fact was recognized by Mr. Th. Pergande, 
and also by Dr. J. B. Smith. Prof. E. D. Sanderson in 1902 described 
this insect as new under the name of Aphis fitchi, but Pergande has sub- 
_ sequently shown that the insect is identical with the European grain 
aphis (Aphis avene Fab.), and considers that the species really belongs 
to the genus Stphocoryne of Passerini. This species is recorded from 
various widely separated localities, and is probably very generally 
distributed throughout the United States. Twenty-two plants upon 
which it has been observed are recorded, comprising eight trees, four 
weeds or herbs, and ten grains and grasses. Of orchard fruits, apple, 
pear, quince, and plum are food-plants; and of grains, rye, oats, and 
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wheat are infested, the last, according to Prof. F. M. Webster, often 
being quite seriously injured by the aphides in the fall, the young 
plants being attacked at or just below the ground. 


Fic. 2.—The European grain aphis (Siphocoryne avenxe), a common aphis on apple: a, migratory 
female; b, sexual female; c, antenna of migratory female; d, side view of end of body of winged 
male; e, under side of end of body of male; f, under side of end of body of sexual female. All 
greatly enlarged (from Pergande). 


NATURAL HISTORY AND HABITS. 


This species has been well treated by Sanderson and Pergande, and 
has been found to present a very interesting life history. The shiny, 
jet-black winter eggs are deposited by the females in the fall around the 
buds of the more terminal shoots, at crotches of limbs, and in cracks 
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and under scales of the bark. The eggs are quite small, but may be 
readily detected with the unaided eye. These hatch in spring, about 
the time the young leaves of the apple are pushing out, and the small, 
greenish ‘‘ lice,” often occurring in large numbers, at once attack 
these parts. These insects, when fully grown, are the stem-mothers, 
and soon begin the production of living young, most of which develop 
into the winged agamic form which migrates to other trees and to other 
localities, where new colonies are started, the progeny of the third 
generation also being winged and wingless. In all, some five genera- 
tions of aphides develop on the apple, but by early July in the lati- 
‘tude of Washington the trees are free from them, and 
the aphides have become established on grains and 
‘erasses or other host plants. Upon the approach of 
fall, apple trees are again infested by the return mi- 
erants from the grasses and grains, the true females 
are soon produced, and the winged males come from the 
grasses upon which they have developed. Winter eggs 
are deposited during September, October, and early 
November in the manner indicated. 


THE APPLE APHIS. 


(Aphis mali Fab. ) 


In general appearance the apple aphis (fig. +), or apple 
Jeaf-aphis, is much like the preceding, with which it has 
been confused. The body is pear-shaped, instead of oval 
as in S. avene, the colors of both being yellowish green, 
greenish, or darker, varying considerably in detailed 
markings and in the several generations. 

Aphis mali Fab. (pomi De Geer) is of European 
origin, and has only recently made its appearance in 
this country, Mr. Pergande having first seen specimens 
Bcollected in the United States in 1897. However, at .., 5 pepsof the 
the present time it is widely distributed, having been apple aphis (Aphis 
precorded from New Jersey, Delaware, New York, Con- ‘Ovpinany 
necticut, Colorado, Michigan, Alabama, and Georgia. ite 


- Oregon, Pennsylvania, Nebraska, and Arkansas. In this country the 
insect appears to infest apple (fig. 1) principally, if not entirely, 
though in Europe it infests in addition the wild crab (Pyrus malus), 
pear, and white thorn (Crategus oryacantha). 


NATURAL HISTORY AND HABITS. 


_ The apple aphis has been studied by Dr. J. B. Smith and Prof. KE. D. 
Sanderson. Winter eggs (fig. 3) are deposited by the sexual females 
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in the fall, oviposition beginning somewhat earlier than but overlap- 
ping with that of the preceding species; they are placed in similar 
situations, and are not distinguishable from those of Siphocoryne 


Fic. 4—Apple aphis (Aphis mali): a, winged agamic form; b, pupa; c, wingless agamic form; d, 
recently born aphis. All greatly enlarged (original). 


avene. ‘They hatch perhaps somewhat later in the spring, and after 
the foliage is further advanced and, like the species next considered, 
the aphides developing from them cause a greater curling of the 
leaves. The apple leaf- 
aphis infests the apple 
throughout the year and 
for this reason is capable of 
more injury than the other 
species herein — treated. 
Upon the hatching of the 
winter eggs in spring a 
succession of agamic gen- 
erations is produced, the 
earlier ones, except the 
first, with numerous winged 
seratearerrmrr tn 

to other trees and estab- 
lish new colonies. In New Jersey, as found by Doctor Smith, there 
may be during the season seven agamic generations followed by the 
development of the sexual wingless males and females (fig. 5) in the 
fall. 
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THE ROSY APPLE APHIS. 
(Aphis malifoliz Fitch. ) 
The rosy apple aphis (fig. 6), regarded by Pergande as Aphis mati- 
olize Fitch, and determined by Sanderson as Apis sorb: Kaltenbach, 
is readily distinguished from the preceding by its larger size, rounder 
body, and usually rosy color, which, however, may vary from salmon 
to tan or even to slaty gray or black, the body being covered with a 


whitish pulverulence. This species is very generally distributed in 


the United States, occurring in such widely separated States as Illi- 


-nois, Connecticut, New Jersey, Virginia, Washington, California, 


South Carolina, and West Virginia; it occurs also in Canada. The 
species is common on apple, but has been taken by Sanderson on pear. 


“Fic. 6.—Rosy apple aphis (Aphis malifolix): a, winged agamie form; b, pupa: c, wingless agamic 


form; d, recently born aphis. All greatly enlarge] original). 


In Europe the food plants of Apis sorbz, in addition to apple, are 


Crategus oxyacantha, Sorbus aucuparia, 8. domestica, and 8. torminalis, 
LIFE HISTORY. 


The life history of this species is but imperfectly known. Winter 
egos are deposited in the autumn by sexual females, and more often 
on the trunk and larger limbs than with the other species mentioned. 
They hatch in spring as the apple leaves are pushing out, and the young 
aphides infest the young leaves and later the tender shoots and foliage, 
the latter thus becoming usualiy badly curled. Three generations from 
the egg are said to occur on the apple in the spring, many individuals 
of the second and third generations developing wings and migrating 
to other trees and to other host plants. After the third generation 
the apple is deserted by the insects until fall, when the return migrants 
appear and give rise to the true sexual forms, the females depositing 
egos as described. 
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NATURAL ENEMIES OF APHIDES. 


Aphides are attacked by various species of predaceous and parasitie 
. . . . . . . 4 
enemies, and by fungous diseases, and under certain climatic conditions 


FiG. 7.—Two-spotted ladybird (Adalia bipunctata): a, larva; b;} mouth parts of same; c, claw of same; 
d, pupa; ¢, adult or beetle; /, antenna of same. A common arboreal ladybird. » All enlarged (from — 
Marlatt). 


these agencies exert a very important influence in their control. .Species — 
of ladybirds or Coccinellide (fig. 7), aphis lions—the larvee of Chryso- _ 


SS = 
y 


Fig, 8.—The golden-eyed lace-wing fly (Chrysopa oculata): a, eggs; b, full-grown larve; ce, foot of 
same; d, larva devouring an insect; e, cocoon: f, adult insect: g, head of same; hf, adult, natural 
size. All enlarged except h (from Marlatt). 

pide (fig. 8) and Hemerobiidee—and the larve of syrphus flies prey — 

upon the apple aphides, which are destroyed also by small hymenop- 
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terous parasites. Under certain weather conditions entire colonies 
‘may be destroyed by fungous diseases. During periods of rainy 
weather the insect enemies of aphides are much less active than when 
‘the weather is fair. This is particularly true of the minute delicate- 
winged hymenopterous parasites, to which such weather conditions 
are largely fatal. With the coming of fair weather, however, these 
foes of aphides soon multiply, quickly reducing their hosts to much 
less i injurious numbers. 


METHODS OF CONTROL. 


Pruning.—aAs has been stated, the aphides under consideration pass 
the winter in the egg stage on the apple, the eggs being deposited 
more or less promiscuously over the more nearly terminal twig:. 
With young trees especially, which are seen to be heavily stocked 
with the eggs, the latter may be largely removed during the work of 
pruning, and the prunings should be collected and burned. 

The insects in the egg condition are frequently distributed on nursery 
‘stock; therefore, if in planting trees this stock be well pruned and the 
prunings eoroved, the establishment of the aphides in young orchards 
may be often prevented or delayed. 

Winter spraying for destruction of eggs.—Several sprays have been 

at various times more or less used for the destruction of the eggs on 
the trees; among these are strong lye water, whale-oil soap, and kero- 
sene and crude petroleum—in soap or mechanical emulsions with water 
‘or even undiluted. On the whole, very little of practical good seems 
to have followed these treatments, the eggs being largely resistant to 
such insecticides as are not so strong as to injure the trees. In the 
experience of Prof. J. M. Aldrich, however, excellent results have 
followed the use of lime-sulphur wash, most all of the eggs of the apple 
aphis having been destroyed by one thorough application in spring 
shortly before the buds opened. The use of this wash for the eggs of 
aphides would also control the San Jose scale when present. 
— Spring and summer treatments.— Effective work in controlling these 
insects may be done in the spring just after they have hatched from 
egos and have collected on the expanding foliage. Trees seen to be 
badly infested at this time should be thoroughly sprayed, taking pains 
to wet as completely as possible all parts of the leaves, twigs, and 
branches. However thoroughly the work may be done, some of the 
“lice” are almost sure to escape destruction, owing to the difficulty of 
forcing the spray between the unfolding leaves, more or less covered 
with hairs, where some of the insects will have penetrated. A subse- 
quent treatment in the course of a week should usually be made, espe- 
cially if the first application is seen to have been unsatisfactory. 

After the foliage is well out and more or less distorted from the 
presence of the aphides, effective spraying is quite difficult, since 
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many of the insects on the lower surface of the curled leaves will not 
be hit by the spray. Repeated applications must be made, therefore, 
as necessary to keep the insects under control. It will often be 
found practicable to bend over and immerse the terminal shoots of 
badly infested young trees in a bucket of the spray solution, and ‘his 
treatment will be very effective. 

Spray mixtures.—The lime-sulphur wash for the destruction of win- 
ter eggs is made according to the usual formula for the wash, namely, 
lime 20 pounds, sulphur 15 pounds, water to make 50 gallons, and 
boiled for one hour. 

After the trees are in foliage, a more dilute contact insecticide must 
be employed, as strong tobacco decoction, 15 or 20 per cent kerosene 
emulsion, 15 per cent crude petroleum emulsion, or whale-oil soap at 
the rate of 1 pound for each 4 gallons of water. Since aphides secure 
their food by sucking up sap from within the plant, none of the 
arsenical poisons would be effective. 

Tobacco decoction may be made from tobacco stems and other 
refuse tobacco by boiling at the rate of 1 pound for each 1 or 2 gal- 
lons of water, sufficient water being added.to make up for that lost in 
boiling. E 

A 20 per cent kerosene or crude petroleum emulsion is made as 
follows: 


Whale-oil or other Soap: = 2_ 2ae ees ee pounds.. 23 
Kerosene or crude petroleum 9.4 = 3 oes eae gallons.. 10 
Water to make: olccs: 2s. ee ee ee eee gallons... 50 


The soap is dissolved in 5 gallons of hot water, which is at once 
poured into the spray-pump barrel. The 10 gallons of kerosene or 
crude petroleum is next added and the whole thoroughly emulsified 
by pumping it back through the hose into the barrel for 6 or 8 min- 
utes. After the oil has become thoroughly emulsified, the barrel is 
filled with water, and the preparation is ready for use. When a less 
amount of emulsion is desired than the quantity above indicated, it 
may be reduced as desired by observing the proportions given. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuincton, D. C., December 18, 1906. 
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Property of the United Staics Governmer 
CIRCULAR No. 82. Issued January 2, 1907. 
United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


PINHOLE INJURY TO GIRDLED CYPRESS IN THE SOUTH ATLANTIC 


AND GULF STATES. 


| By A. D. HOPKINS, 


In Charge of Forest Insect Investigations. 
Pursuant to certain complaints of serious injury by wood-boring 


insects to girdled cypress timber in the South Atlantic and Gulf States, 

the Bureau of Entomology began a series of experiments and inyestiga- 
tions with special trees girdled on definite dates in every month of the 
year, as well as with those girdled in regular operations at known dates 
or periods. to determine whether or not there was any important rela- 
tion between the month or time of year the trees were girdled and sub- 
sequent injuries. 

This work was personally conducted by specialists of the Bureau in 
cooperation with cypress manufacturers in southeastern North Carolina, 
southern South Carolina, southeastern Georgia, western Florida, and 
southern Louisiana. It was begun in the spring of 1903 and continued 
until December, 1904. Over 300 trees were examined, and observations 
were made on practically all of the different species of insects which are 
in any manner associated with injury to the wood and bark of living, 
dying, and felled, as well as girdled, cypress. 


RESULTS OF INVESTIGATIONS. 


The principal injury to the wood of standing girdled cypress was 
found to consist of pinholes in the sapwood and heartwood caused by 
‘two classes of small wood-boring beetles, called timber beetles, ambrosia 
beetles, pin borers, ““pin worms,’’ etc. They bore the so-called pin- 
holes in the wood as places to deposit eggs and rear their broods, and 
the latter, when fully developed, leave the wood and fly to other trees 
to repeat the process. 

' One of these classes of wood-boring beetles is represented by small, 
short, cylindrical, reddish beetles one-eighth to one-tenth of an inch in 
length, which are exclusively sapwood borers. As a rule they are not 
common in girdled trees, but are abundant in logs from living trees. 

The other class is represented by elongate, slender, reddish, cylin- 
drical beetles three-eighths of an inch in length, which often extend 
‘their borings deep into the heartwood and are often common and quite 
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injurious to both girdled and felled trees. One species of this latter class. 


causes more damage, perhaps, than all of the many other insects which 
have been found boring in the wood of girdled trees. It is known tech- 
nically as Platypus compositus Say, and may be distinguished from 
other cypress pin-borers by the English name “ girdled-cypress pin- 
borer,’? or Pan American Platypus. (See fig. 1.) 

The facts and evidence of immediate practical importance may be 
briefly stated as follows: Trees girdled in March, April, October, and 
November were not at all or but slightly damaged by the girdled-cypress 


pin-borer, while those girdled in May, June, July, and September were | 


more or less seriously damaged. There were indications that trees — 
girdled in August were not damaged as badly as those girdled in July — 
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Fira. 1.—Work of ambrosia beetlesin oak: a, Monarthrum mali and work; b, Platypus compositus 
and work; ec, bark; d, sapwood; e, heartwood; f, character of work in lumber from injured 
log. (Author’s illustration.) 


and September; also, that trees girdled from December to February 
were not seriously affected. It was found that local factors and con- 


ditions had an important bearing on whether or not injury resulted from — 


girdling at given dates. In some localities there was practically no 
injury to trees girdled on any of the dates. In other localities some of 
the trees girdled on a given date would be badly damaged while others 
would show no trace of injuries. The absence of injuries in the former 
localities may have been due to the presence of a limited number of the 
insects, or to their being attracted to felled trees in preference to the 
standing girdled ones, or to some other unknown causes. The attack 
on individual trees is evidently due to individual differences in the trees 
themselves, for our general observations indicate quite clearly that 
certain types and varieties of trees of the same species are more resistant 
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or immune to their insect enemies while others are more attractive 
to them. It is well known that there is a marked difference in the 
individual characteristics of cypress trees in any given locality, and 
especially so in different localities, and that there is also marked differ- 
ence among a large number of trees girdled on the same day or time of 
year in the results obtained. Some will die quickly and dry out rapidly; 
some will remain alive a much longer time, the wood remaining moist 
and becoming discolored; some will yield beautifully grained lumber 
of the highest grade; while others, equally as sound, will yield tough, 
cross-grained, dull lumber of a low grade. These conditions are not 
due entirely to the character of the work of girdling, nor to accident, 
local influences of soil, etc., but largely to variations which produce 
more or less distinct, good and poor natural varieties. Therefore cer- 
tain trees or varieties which prove to be especially attractive to the pin- 
borer, no matter when they are girdled, may be attacked and more or 
less injured. 

The girdled-cypress pin-borer must have moist wood in which to 
excavate its burrows and develop its broods of young and will not 
attack the trees after they have been dead long enough for the wood to 
become dry. It evidently prefers to attack the wood of felled gum and 
cypress. Our observations indicate that living trees felled in April and 
August offer specially attractive conditions for infestation by this species, 
and that it will often begin to enter the wood within a few days. after 
the trees are felled. This suggests the utilization of felled trees as traps 
to attract it away from the girdled ones and at the same time facilitate 
the destruction of the broods by placing the logs of the trap trees in 
water after they have become thoroughly infested and before the broods 
of adults begin to emerge and fly. 

To accomplish this the trap trees felled in April must be burned or 
placed in water during the following June and those felled in August 
treated in the same manner in October. 


RECOMMENDATIONS. 


General recommendations for the prevention of insect injury to girdled 
cypress may be briefly stated as follows: 

-First.—Conduct the principal girdling operations in March, April, 
October, and November, or either in the former or latter months as may 
seem best from the local conditions and relative value of the product in 
each locality. October-girdled trees should be felled and floated or 
worked up within one year to avoid injury by another class of wood 
borers which attack trees after they have been dead one or more years. 

Second.—In localities where it is known that the insect is abundant 
and injurious, felled trap trees may be provided in March and April, 
and July and August, say, one otherwise worthless gum or cypress trap 
tree for each fifty to seventy trees to be girdled in the same locality. 


Rig, 
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Third.—If it is desirable to girdle trees at other times during the 
summer and to utilize trap trees, these latter should be provided a week 
or more ahead of the girdling, and located on the banks of streams, 
ponds, or pools, where, at the proper time, they can be readily rolled 
into the water. 

Fourth.—Trap trees should never be provided unless it is quite cer- 
tain that they will be placed in the water or otherwise destroyed within 
two or three months after they are felled and infested by the insects, 
otherwise they may contribute to a greater multiplication of the insects 
and increased danger of serious injury to the girdled trees. 

The adoption and carrying out of these recommendations should be 
governed in each locality by the personal observations and experience 
of the operators, based on a study of the conditions resulting from trees 
girdled at different positively known dates or times of year, and also on 
a study of the evidences of infestation by the pin-borer in the girdled 
trees and in the logs, stumps, slash, etc., of cypress, gum, and other 
trees. These evidences of infestation consist of the greater or less quan- 
tities of fine, whitish boring-dust on the bark and around the base of the 
trees and stumps, under the logs, etc., the work of the girdled-cypress 
pin-borer and its class being distinguished from that of the sapwood 
borers by the prevalence of short cylindrical sections of adhering dust 
expelled from the holes. 

For more detailed information on the habits of wood-boring insects 
and the character of injuries caused by them in standing and felled 
trees, lumber, etc., the reader is referred to the Yearbook of the United 
States Department of Agriculture for 1904, pages 381 to 398. 


Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., December 19, 1906. 
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United States Department of Agriculture, 
BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE LOCUST BORER! AND METHODS FOR ITS CONTROL. 


By A. D. HOPKINS, 
In Charge of Forest Insect Investigations. 


The locust borer and its relation to detrimental and destructive inju- 
ries to the black or yellow locust? in the eastern United States have 
been subjects of 
special investiga- 
tions by the Bureau 
of Entomology dur- 


years, which have 
resulted in the de- 


The locust borer is 
_ whitish, elongate, 
o-called “‘round 
eaded’”’ grub or 
arva (fig. 1), which 
itches from an egg 
ig. 2) deposited by 
olack or brown and 
low striped long- 
rned winged beetle 
ig. 3) found on the 


2€8 and on the flow- Fig. 1.—The locust borer (Cyllene robinie): a, larva, dorsal 
fg of golden-rod view; b, same, lateral view. Line at right represents 
natural length (author’s illustration). The larva in profile 

t »m August to Octo- should show minute prothoracic feet. 


ver. The eggs are 

deposited in the crevices of the bark of living, growing trees from 
August to October, and the young borers (fig. 2, b, c) hatching there- 
from excavate individual cells in the outer layers of the inner living 


1 Cyllene robinie Forst; Order Coleoptera, Family Cerambycide. 
2 Robinia pseudacacia. 
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bark (fig. 4), where they pass the winter, and in the spring bore 
through the bark into the sapwood and heartwood. Here they trans- 
form in July and August to pupe and in August and September to 
adult beetles, which soon emerge from the trees and deposit eggs for 
the next annual generation of borers and beetles. 

The injury to the trees consists of wounds in the bark and sapwood - 
which, if sufficiently severe or repeated year after year, result in either 
a stunted, worthless growth or the death of young and old trees, while 
the numerous worm holes in the wood reduce its commercial value or 
render it worthless. 

The presence of the insects in injurious numbers is indicated (1) by 
the frequency of the adults on the golden-rod flowers and on the trees 
from the last of August until in October or later; (2) by the slight 
flow of sap and by the brownish borings where the young larve are at 
work in the bark during April; (8) by the yellowish borings lodged in 
the rough bark, in the forks of the tree, and on the ground around the 
base of the trunk, by the breaking down of the branches and young 
trees, and by the sickly appearance of the young twigs and leaves dur- 
ing May, June, and July. 

This insect appears to be present and more or less injurious in all of 
that part of the United States which is east of the Great Plains and 
north of the Gulf States. Published information and reports of forest 
officials and others indicate that in Oklahoma and Indian Territory and 
west of the Great Plains the locust is now quite free from injury by the 
borer, but that these regions will remain exempt is by no means certain. 


EXTENT OF DAMAGE AND LOSS. 


So extensive is the damage to natural growth, artificial plantations, 
and shade trees that in some sections within the natural range of the 
tree in the Eastern States, but particularly in the Middle West, where 
both the tree and the insect have been introduced, it is considered 
unprofitable to grow the tree for shade or timber, and in such sections 
the natural sprout growth is often considered a pest rather than otherwise. 

The loss resulting from defective timber, stunted growth, and the 
death of trees is represented by the difference in value between the 
damaged growth, or product, and the same if uninjured and healthy. 
This, if expressed in dollars, would represent a large sum. 


CHARACTER OF THE INJURIES. 


The destructive nature of the work of the locust borer is a matter of 
great economic importance. The borer attacks the otherwise perfectly 
healthy trees, and in addition to causing the detrimental worm-hole 
defects in the wood, it often kills the trees or renders an otherwise 
valuable product worthless except for fuel. It is much more destruc- 
tive in some localities and sections than in others, and also much more 
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destructive to some trees in the same grove than it is to others. It is 
more destructive, also, to young saplings and the branches of medium- 
sized trees than to the larger trees. 

The death of a tree is caused principally by injuries to the inner bark 
and cambium resulting from repeated attacks. Injuries to the wood 
alone do not result in the death of trees, except when all of the wood is 
practically destroyed or sufficiently injured to cause the tree to fall or 
be broken down by the wind. 

The commercial value of the wood product is diminished or destroyed 
by the worm-hole defects, but for certain purposes, as, for instance, fence 
posts, a limited number of such defects are not detrimental, except so 
far as they may contribute to decay. 


EVIDENCES OF ATTACK. 


The first evidence of attack is fine brownish boring dust and wet spots 
on the bark, first observed in April, when the overwintered larvee begin 
to enter the inner bark. As soon as the larve 
begin to groove the surface of the wood and 
enter the sapwood, their presence, in addition 
to the wet spots, is indicated by yellowish bor- 
ing dust mixed with liquids and the gum-like 
exudations. After all of the larve have entered 
the wood their presence is plainly indicated by 
the quantities of yellowish boring dust lodged 
in the loose bark on the trunk, in the forks of 
the tree or branches, and around the base. At 
Mie ctace, usually about the middle of May, '¢ 2-—The locust borer 

5 : y : (Oyllene robinie): a, 
the badly infested trees which will die are exes: b. ¢ lurve from 
miainly indicated by the failure of the leaf buds §_bibermationcells. Much 

; enlarged (author’s illus- 
to open or by the dwarfed or faded and sickly Jconieera). 
appearance of the foliage and, toward the last 
of the month until the larve have completed their work in July, by 
the breaking down of the branches and small trees. 


FAVORABLE AND UNFAVORABLE CONDITIONS FOR DESTRUCTIVE WORK. 


_Favorable conditions for the destructive work of the borer appear to 
consist in the presence of isolated trees and groves in the open, in local- 
ities where golden-rod is present or abundant and where less resistant 
varieties of the tree prevail. 

Unfavorable conditions are found in forest growth or large areas of 
pure stands, or mixed stands where the locust predominates; also in 
plantations and groves where resistant varieties prevail and where there 
is no golden-rod or other favorite food for the beetles. It is also found 
that coarse, thick bark is less favorable than the thinner bark on old 
and young trees and saplings. 
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METHODS OF CONTROL. 


It should be remembered that all the holes found in a tree and all other | 
damage by the borer are not the work of one generation, but usually 
that of repeated annual attack during the life of the tree; also that a 
burrow in the sapwood of a young tree remains the same burrow in the 
heartwood of the old tree, without change, as long as the tree exists, 
except in the healing of the original entrance; therefore the number of. 
borers and the annual amount of damage are not so great as they might | 
appear, and, while the females are capable of depositing a hundred eggs | 
each, only a small percentage of the larve hatching from them survive | 
the bark-infesting stage or complete their development to adults. This 
suggests that any method of management which will insure the destruc- 
tion of a large percentage of the surviving larvee and beetles each year 
will reduce the damage to a point where there will be practically no loss. 

With our knowledge of the life history and habits of the insect, it is 
now possible to make definite reeommendations and suggestions for its 
control. Some of those of immediate practical importance are as follows: 


TIME TO CUT LOCUST TO DESTROY THE YOUNG LARVA. 


The cutting of locust for all purposes, including thinning operations 
and for private or commercial use, should be done during the period | 
beginning with the Ist of October and ending with the Ist of April, the 
bark removed from the crude product, such as posts, poles, and the 
like, and the tops and thinnings burned. The removal of the bark 
from all desirable portions of the trunks of the trees felled during this 
period is important and necessary, in order to destroy the larve before 
they enter the wood. The work in all cases should be completed before 
the leaf buds begin to swell on the living trees in the spring. 


DESTRUCTION OF INFESTED.TREES AND WCOD. 


When it is desirable simply to remove and destroy, by burning or | 
otherwise, the badly infested and damaged trees to kill the broods of 
larvee, the work should be done in May and June, when all such trees 
can be easily recognized by the boring dust, fading leaves, broken 
branches, etc., but the work must be completed before the beetles begin 
to emerge. Perhaps the best rule applicable to all localities, latitudes, 
and elevations is to complete the work by the time the flowers have all 
fallen from the trees, which will vary between different altitudes and 
latitudes from about the middle of May to the last of June. Another 
rule would be to complete the work before the earliest varieties of 
golden-rod begin to show evidences of flowering. This, however, would — 
be the latest that the work should be done, because the beetles begin 
to emerge by the time the first golden-rod flowers appear. 
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SPRAYING THE TRUNKS AND BRANCHES TO KILL THE YOUNG LARVA. 


Experiments have demonstrated that the hibernating larvee may be 
killed by spraying the trunks and branches with a strong solution of 
kerosene emulsion. Therefore, when it is practicable or more desirable 
to adopt this method for the protection of small plantations, groves, or 
shade trees, the spraying should be done in the fall or winter, not earlier 
than November 1 and not later than April 1, or, in other words, during 
the dormant period of the tree. The following paragraphs explaining 
the preparation of the kerosene emulsion are taken from Farmers’ Bul- 
letin No. 127 of this Department, by Mr. C. L. Marlatt: 


Kerosene emulsion (soap formula)— 


IK@PORGIG we GE SR SS ee ae et ieee ae gallons._ 2 
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Fig. 3.—The locust borer (Oyllene robinie): a, male beetle; b, female beetle. 
Much enlarged (author’s illustration). 


The soap, first finely divided, is dissolved in the water by boiling and imme- 
diately added boiling hot, away from the fire, to the kerosene. The whole 
mixture is then agitated violently while hot by being pumped back upon itself with 
a force pump and direct discharge nozzle throwing a strong stream, preferably 
one-eighth inch in diameter. After from three to five minutes’ pumping the 
emulsion should be perfect, and the mixture will have increased from one-third 
to one-half in bulk and assumed the consistency of cream. Well made, emul- 
sion will keep indefinitely and should be diluted only as wanted for use. 

For the treatment of large orchards or in municipal work requiring large 
quantities of the emulsion, it will be advisable to manufacture it with the aid 
of a steam or gasoline engine, as has been very successfully and economically 
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done in several instances, all the work of heating, churning, etc., being accom- 
plished by this means. | 

The use of whale-oil soap, especially if the emulsion is to be kept for any 
length of time, is strongly recommended, not only because the soap possesses. 
considerable insecticide value itself, but because the emulsion made with it is" 
more permanent, does not lose its creamy consistency, and is always easily 
diluted, whereas with most of the other common soaps the mixture becomes 
cheesy after a few days and needs reheating to mix with water. Soft soap 
answers very well, and 1 quart of it may be taken in lieu of the hard soaps. 

In limestone regions or where the water is very hard some of the soap will 
combine with the lime or magnesia in the water, and more or less of the oil will 
be freed, especially when the emulsion is diluted. Before use, such water 
should be broken with lye or rain water employed. * * * 


For use on locust trees dilute 1 gallon of emulsion with 2 gallons of 
soft water. 

Pure kerosene and pure petroleum will effectually kill the insects, 
but may do some damage to the bark of the trees. 

Experiments with carbolic emulsion indicate that this preparation is 
of no value to kill the young larve. 


DAMAGE TO CUT WOOD AND DANGER OF INTRODUCTION INTO NEW LOCALITIES. 


We have determined that after the borers have once entered the wood 
they may complete their development in the cut and dry branches. 
They will evidently do so, therefore, in posts or other material manu- 
factured from trees cut between the first of May and the middle of 
September. From this it is plain that locust should not be cut during 
that period for any purpose except to destroy the borers, or, if it should 
be necessary to cut it, the tops should be burned and the logs sub- 
merged in ponds or streams for a few days before they are shipped or 
manufactured. This is very important, both to prevent further damage 
to the manufactured material by the borers remaining in the wood and 
also to prevent the introduction of the insect into the Far West and 
other sections of the country which are at present free from it. 


SELECTION OF LOCATIONS FOR EXTENSIVE PLANTINGS. 


The fact that there are many sections and localities of greater or 
less extent within the natural home of the locust and its insect enemies 
where, from some unknown cause, the tree grows to large size and old 
age without perceptible injury from borers and other insects suggests 
the importance of selecting such localities for any proposed extensive 
operations in the line of artificial planting or utilization of natural 
growth. It will be found, however, that no area of considerable extent, 
even in such localities, is entirely free from this and other destructive 
insect enemies, and that certain precautions and well-planned methods 
of management with reference to their control will be necessary. 


a 
: MANAGEMENT OF PLANTATIONS TO PREVENT INJURY. 


In the first place it is necessary, in order to provide against future 
losses from the borer, that a thorough survey be made in May and June, 
not only of the area to be utilized, but of the entire neighborhood 
for a radius of a mile or more from its borders, for the purpose of 
locating and destroying scattering trees and groves which are more or 
less seriously infested or damaged by the borer. It would seem that the 
control of such large areas, by purchase or 
under a plan of cooperation between the 
owners of the land or trees, is one of the 
most important requisites for success in pre- ea! | 
yenting future losses from the ravages of [RAW AU) We) | -p-e22 
this and other insects in small as well as_ |i iil 
large plantations. In fact, it is the writer’s 
opinion that with this precaution properly NAIA ||| | ha 
and continuously carried out, locust may be Hh GAT ey aoe | WER 
successfully protected from the borer in any film. ||| 
locality. 

In the subsequent management of planta- 
tions and of natural forest and sprout growth 
it is important each year to locate and de- 
stroy the worst infested trees for the purpose 
of killing the borers in the wood and to 
conduct the thinning and commercial cut- 
ting operations during the period between 
October of one year and April of the next, 
in order to destroy the young borers before 
they enter the wood. 

Worthless, scrubby, borer-infested trees 
should be killed outright by stripping the 
bark from 4 or 5 feet of the lower stem 
during August to prevent sprouts and seed 
production from them and at the same time 
meoesuroy the eges and young borers. Trees !1¢. 4-—The locust borer (Cyllene 
deadened in this manner will usually be so Sy ae ee erie of ae 
completely killed that not a single root ‘mer bark. About natural size 

f " (author’s illustration). 
sprout will appear. Therefore this method 
is of special value in preventing sprout reproduction from inferior 
Individual trees. 
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BREEDING AND PROPAGATING BORER-RESISTANT TREES. 


The fact that some trees are to a greater or less extent immune from 
attack or injury by the borer, while adjacent ones in the same grove are 
attacked year after year and seriously damaged, suggests the idea of 
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breeding races and varieties of the species which would be permanently 
immune. | 

Breeding experiments have been begun in cooperation with the Bureau 
of Plant Industry and the Forest Service, but it will require several 
years to get definite results. In the meantime, however, it is important | 
that seed and cuttings for commercial planting should be selected as. 
far as possible from trees which show least damage from the borer and | 
are otherwise vigorous and healthy. From a well-established principle 
in the heredity of plants and animals this practice of propagating from 
the best examples must certainly yield better results than would follow 
a disregard of the character of the trees from which seed or root propa- | 
gations are made. * | 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
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THE GRASSHOPPER PROBLEM AND ALFALFA CULTURE. 


|! i By EF. M. WEBSTER, 
} In eharge of Cereal and Forage-Plant Insect Investigations. 


| SPECIES RESPONSIBLE FOR DEPREDATIONS. 


} 
| 


| While specimens of the species of grasshoppers actually engaged in 
\devastating alfalfa fields have not always accompanied doaeitts 
of their ravages, it is nevertheless possible, taking the data secured 
by Government and State officials in Pmeeon with informa- 
‘tion from correspondents, accompanied by specimens of the insects 
actually committing these depredations, to fix the responsibility— 
largely at least—upon two species. One of these is known as the 
differential grasshopper (JJelanoplus differentialis Thos., fig. 1) and 
the other as the two-striped grasshopper (J/elanoplus bivittatus Say., 
fig. 2). 

| Other species of grasshoppers have probably at times been more or 
‘less involved, as it is rarely that material submitted with a complaint 
of damages does not include more than one species; on the other hand, 
Species depredating on other crops on the same farm or ranch are 
often submitted under the supposition that they are lke those seen 
at work in alfalfa. A notable case in point is that of the yellow- 
fwinged or pellucid grasshopper (Camnula pellucida Scudd.), which, 
while very destructive to grain and grass crops, is said to work but 
‘little injury to alfalfa. However, as all grasshoppers likely to be- 
come involved in this or similar depredations have much the same 
habits and all are probably susceptible to the same treatment, the 
/question of species is not one to interest the farmer particularly, be- 
yond the matter of his ability to determine for himself which one is 
the worst pest and to apply his measures of suppression more espe- 
cially with reference thereto. 
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THE MEASURES HEREIN DESCRIBED ARE APPLICABLE ALSO TO CLOVER CROPS. 


While this circular is primarily’ for the benefit of the alfalfa 
grower, the measures of suppression recommended may be applied 
in the clover fields of the eastern section of this country with equally 
good results. Indeed, the two species here discussed are at times 
destructively abundant in the red-clover fields of the Middle West, 
and the writer has there used the “ hopperdozer ” to advantage. 


EARLY DEPREDATIONS. 


With the rapid increase in the culture of alfalfa’ throughout the | 
country west of the Mississippi River there has come the problem of | 
protecting this crop from attacks of several species of grasshoppers 
or locusts. The reason for this state of affairs is not at all obscure, 
as in order to breed freely and in destructive numbers these grass- 
hoppers require two conditions: First, an undisturbed soil for the 
protection of their eggs after these have been deposited, and, second, 
an early food supply for the young in spring. No other crop comes | 
so near supplying these conditions to an ideal degree as does alfalfa. 

Thus it is that the farmer in this section of the country has from 
the beginning of alfalfa culture been sorely beset by these pests, 
whose destructive hordes might even now be said to follow closely in 
the footprints of the reclamation engineer. 


SERIOUSNESS OF INJURIES. 


Hardly a season passes during which more or less serious outbreaks 
are not reported in different localities, and the aid of this Bureau is 
frequently invoked in destroying these grasshoppers or otherwise | 
lessening their ravages. Thus during the year 1905 1 such out- 
break was reported from California, 7 from Colorado, 1 from Idaho, | 
10 from Kansas, 3 from New Mexico, 2 from Utah, and 1 from 
Texas. It is in no wise likely that these numbers indicate more than | 
a minor portion of the destructive outbreaks of these pests that 
actually occurred over this territory, and the seriousness of some of 
these outbreaks is indicated by the fact that as many as 12 complaints 
were received from a single locality. In fact, the probabilities are’ 
that, as this agricultural industry increases, the amount of injury in-- 
flicted by these insects will greatly increase in future unless measures 
are taken to control them. 


i 


DESCRIPTIONS OF THE TWO PRINCIPAL ALFALFA-AFFECTING SPECIES. | 
The differential grasshopper (fig. 1) is about 14 inches long, its 
wings expand about 24 inches, and it is of a general bright yellowish-. 
green color. There is, however, a nearly black melanic form that does. 
[Cir. 84] 
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‘not seem to differ otherwise from the normal. The head and thorax 
-are olive-brown, and the front wings are of very much the same 
-color, without other 
‘markings but with a 
‘brownish shade at the 
base; the hind wings 
are tinged with green; 
‘the hind thighs are 
‘bright yellow, especially 
below, with four black 
‘marks; the hind shanks are yellow, with black spines ¢ and a ring of 
the same color near the base. 

The two-striped grasshopper (fig. 2) varies in color from a dull 
green to a dull brown, with a 
: distinct yellow stripe extend- 
ing on each side from the upper 
part of the eye to the end of the 
wing. The male is about 1} 
inches long and the female 
| about one-fourth of an inch 
| Fie. 2.—T wo-striped Be asbie (Melanoplus bivitta- longer. This grasshopper may 

tus) Natural size (after Riley). é ; 
be so easily recognized from 
the accompanying figure that further description is unnecessary. 
The young are very much hke those of the Rocky Mountain grass- 
hopper or locust (J/elanoplus spretus Thos.), shown in figure 8. 


Fie. 1. ~ Differential grasshopper (Melanoplus differentialis). 
Natural size (after Riley). 
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DISTRIBUTION OF THE TWO SPECIES. 


oe 


Although both these grasshoppers seem 
to be generally distributed over the country, 
the differential grasshopper rarely becomes 
destructively abundant east of the Missis- 
sipp1 River. It is very decidedly so, and 
with great frequency, however, to the west 
of the Mississippi, while, though extending Fic. 3—Rocky Mountain grass- 
/ from Maine to California, the two-striped eee Ce eee 
grasshopper is sometimes disastrously abun- __larve; 6, full-grown larva; ¢, pu- 
fant, locally at least, as far east as Ohio, P® N2tuss! size G@lter Riley). 
In the red-clover-growing sections of the country the two-striped 
Species is probably very much the more destructive of the two 
though even as far east as Indiana the differential grasshopper does 
considerable injury to fruit trees by gnawing the bark from the twigs. 


— 2 __ — 
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LIFE HISTORIES AND HABITS. 


, The eggs are deposited in the ground in masses, inclosed in more or 
less kidney-shaped pods, in late summer and fall, after the manner 
[Cir. 84] 
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shown in figure 4, which illustrates the oviposition of the Rocky 


Mountain grasshopper or locust. The females seem to prefer a mod- 
erately compact, rather damp but not wet soil which is rarely dis- 


turbed by the plow or other cultivating implement. It will thus be 
seen that the alfalfa fields throughout the irrigated sections consti- 
tute an ideal breeding ground. Winter is passed in the egg state, 
the young hatching in spring and reaching maturity in summer, and 
there is but one annual generation. Neither of the two species is 


migratory. Their flight is rather clumsy, and they do not remain 


long on the wing before alighting. 


NATURAL ENEMIES. 


Upward of 100 species of birds are known to feed to a greater or 


less extent upon grasshoppers, but probably the most useful in this 
direction are quails, prai- 
rie chickens, the sparrow 
bh SS — i i hawk and Swainson 
Ox | ee Lif = = hawk, the loggerhead 
WN sam \ p> Ame shrike, all cuckoos, the 
cowbird, all blackbirds 


woodpecker. That  do- 
mestic fowls are espe- 
cially fond of these in- 
sects goes without saying. 


= aa Bcd ——_— 
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Fig. 4.—Rocky Mountain grasshopper or locust (Melanoplus 


b, egg-pod extracted from ground, with the end broken teemed b the Bureau of 
open; c, a few eggs lying looseon the ground; d, e show the y 


earth partially removed, to illustrate an egg mass already Biological Survey as the 
in place and one being placed; f shows where such a mass 
has been covered up. (After Riley.) 


protection rather than destruction by the farmer. Toads and prob- 
ably some of the snakes add these insects to their bill of fare. 


Of the insect enemies, the grasshopper mite (Z’rombidium locus- | 
tarum Riley) is often found infesting grasshoppers in great numbers. 
It collects under the base of the wings, sometimes causing them to | 


and meadowlarks, the 
catbird, and red-headed 


Skunks are very fond of. 


spretus): a, a, a, female in different positions, ovipositing; grasshoppers, and are es-_ 


most useful of mammals; 
they therefore deserve 


stand out from the body. While these mites probably destroy many | 


grasshoppers, it is possible that their value to the farmer has been 
overestimated. There are several species of parasitic flies that fre- 
quently destroy immense numbers of these grasshoppers. Of these 


: 


Sarcophaga cinbicis Towns., S. hunteri Hough, and S. georgina 


Wied. (fig. 5) sometimes sweep these locusts off in myriads. Under 


date of August 7, 1906, Mr. John Hunton, of Fort Laramie, Wyo., 
forwarded to the Department a quantity of dead differential grass-— 


hoppers that he had found on different weeds and grasses over an 
[Cir. 84] 


5 


area of about 6 acres, mostly in alfalfa. He stated that although 
) the live grasshoppers were yet very thick, many appeared weak and 
in a dying condition. When received the material was simply a mass 
of decaying bodies of grasshoppers and among them were both 
/maggots and pupe of Sarcophaga georgina. These flies deposit 
minute, elongated, ivory-white eggs on the surface of the bodies of 
the grasshoppers. The young maggots hatching from these make 
' their way directly into the body of their host, and as they grow and 
develop there they feed upon the living insect. When full grown 
the maggots go into the ground and within a brown case transform 
to flies. 
While all of these natural enemies do much to hold the pests in 
check, there are two or three vegetable parasites that also kill off 
myriads of them, the 
dead bodies of the a" L 
grasshoppers destroyed 
thereby often being 
conspicuous objects as 
they cling to the weeds 
and grass where death 
overtook them (see fig. 
6). One of these fun- 
gous parasites is the 
same as that attacking 
the chinch bug, and 
is known to science as 
Sporotrichum globuli- 
perum. “A group. of 


grasshoppers that have 


been killed by this fun Fie. 5.—Sarcophaga georgina, a parasitic fly that destroys grass- 
hoppers. Much enlarged (original). 


gus 1s shown in figure 7. 
While it will be seen that there is no lack of natural enemies of 
these grasshoppers, and while all of them are of benefit to the farmer, 
they do not and never will afford absolute protection from the rav- 
ages of these pests in the alfalfa fields. The reason for this is plain. 
By growing a single plant over large areas the farmer produces an 
unnatural condition and offers unnatural advantages for the devel- 
opment of the enemies of this plant, the grasshoppers. It is really 
the number of plants that invites insect attack. So, also, it is the 
great number of grasshoppers congregated together in masses that 
invites attack from natural enemies, and it is only when this condi- 
tion is present that these natural enemies become sufficiently abundant 
to offer the farmer prompt and effective relief. In other words, the 
natural enemies, however much restraining force they may present, 
are always too far behind to wholly prevent occasional outbreaks of 
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these grasshoppers. The farmer, having undertaken the cultiva- 
tion of alfalfa in large areas under conditions preeminently favor- 
able for the development of grasshoppers, must now throw some .re- 
straining element into the other side of the scales in order to preserve 
the balance. It thus comes about that artificial repressive measures 
must be put into play in order to counteract, as it were, the effect on 
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Wie. 6.—A view of grasshoppers dead and dying from fungous disease. Natural size. 
(From Howard.) 

nature of a preponderance of alfalfa plants—a vastly greater number 

than would be produced under natural conditions. And this brings 

us to a consideration of preventive and repressive measures. 


PREVENTIVE AND REMEDIAL MEASURES. 


Preventive measures, as here restricted, apply to a period antedat- 
ing the hatching of the young; while remedial measures are such as 
deal with the insects after hatching and with methods of destroying 
them. 


[Cir. 84] 
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While many modes of procedure have been advocated, tending 
to ward off impending attacks, and perhaps even a greater number 
of devices constructed and mixtures compounded for the destruction 
of grasshoppers, we will here consider only such as are readily and 
cheaply obtainable by the farmer and ranchman and those most 
practical in application. | 


DESTROYING THE EGGS. 


Destroying the eggs of the grasshoppers seems to be the only 
preventive measure that promises to be worth while attempting, 
except, perhaps, the destruction of the young as they are hatching. 


Fic. 7.—Grasshoppers killed by fungus, Sporotrichum globuliferum. (After Bruner.) 


Destruction of the eggs may be accomplished by either plowing, har- 
rowing, disking, or cultivating, in the fall or winter, all roadsides, 
ditch banks, margins of cultivated fields, uncultivated fields, and 
grassy margins along fences. In short, all waste lands that it 1s pos- 
sible to reach in this manner should receive attention, unless it is 
known that no eggs were deposited there. 

The soil need not be stirred deeply, 2 inches being a sufficient: 
depth to accomplish the desired effect; and circumstances will proba- 
bly dictate the kind of tool or tools that a farmer ought to use and 
where to use them. There is no doubt whatever that if this measure 
were put into operation at the proper time, in whatever manner is 
most practicable, disastrous outbreaks the following spring would 
be forestalled and prevented. Except in cases of isolated farms or 
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ranches, there should by all means be concerted action in this move- 
ment. 

Where fields can be quickly inundated and the water promptly run 
off, as is frequently done in rice fields, the young grasshoppers may 
be killed by flooding the field for a day or two just as the eggs are 
hatching. If close watch is kept to determine just when the young 
grasshoppers are hatching, and prompt action taken at this time, 
much good can be accomphshed; but as soon as the young begin to 
move about, flooding will avail but little, as the grasshoppers will 
climb to the upper part of vegetation beyond the reach of the water. 


DESTROYING THE INSECTS. 


Under this head will be discussed those measures which should be 
resorted to when the grasshoppers, having hatched from the egg, are 
threatening alfalfa fields from within or without, or both. 

The hopperdozer.—On level or comparatively level land this im- 
plement can be used to good advantage in collecting grasshoppers 
of all ages—from the youngest to the adults. There are many modifi- 
cations in the construction of these hopperdozers, but the form here 
described and figured, the writer has had made for him, and he has 
employed it in the fields and knows from experience that its use is 
both practicable and efficient. It is constructed of sheet iron, pref- 
erably galvanized, of reasonable thickness to insure strength, and, 
except for the end pieces, made of a single sheet 10 or 12 feet long 
and 26 inches in width. The front is formed by turning up one edge 
a couple of inches, and the back may be turned up a foot, thus 
making a shallow pan 1 foot wide, with the back the same height 
and with a front 2 inches high. Ends are riveted in and soldered, 
as shown in figure 8. Runners of old wagon tire are placed at each 
end (a, 0), and another in the center (e) is turned over in the front 
and back to strengthen the pan at these points. These runners are 
riveted to the pan, as shown, and should extend both backward and 
forward in order to overcome to some extent the inequalities of the 
ground and cause the hopperdozer to run more smoothly. By solder- 
ing it about the heads of the rivets the pan will be made water-tight. 
The pan is filled with water on which is poured enough kerosene to 
cover it with a film, a horse is hitched to the end runners, and the out- 
fit is then ready for use. As the hopperdozer is drawn over the 
ground the locusts will either jump into the kerosene and water 
direct or against the back and drop into it and there be killed. By 
using longer, wider, and heavier sheet iron a larger and stronger pan 
can be made and this further strengthened by additional runners; a 
horse can then be hitched to each end, or the pan may be mounted on 
low wheels. The whole thing is easily constructed, inexpensive, and 
once made may be put into service year after year as needed. The 
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only place where its use will prove more or less impracticable will be 
on hilly or rocky lands or on that not yet cleared of stumps. 

Poisoned baits.—Here again we have an inexpensive, practical way 
of dealing with these grasshoppers even when, as is frequently the 
case, they breed in the alfalfa fields and the protection, whatever 
it may be, must be applied there. What has come to be known as 
the “ Criddle mixture” is giving most satisfactory results on the 
ranches of both the United States and Canada. The mixture is 
composed of half a barrel of fresh horse droppings in which is 
mixed 1 pound each of salt and Paris green. If the horse droppings 
are not fresh the salt is dissolved in water and mixed with the manure 
and poison. When this mixture is scattered freely about where the 
grasshoppers are abundant they seem to be attracted to it, for they 
devour it readily and are poisoned thereby. Dr. James Fletcher, 
entomologist for the Dominion of Canada, cites an instance where 
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Fic. 8.—‘‘ Hopperdozer.’’ <A simple coal-oil pan, to be drawn by horse. (After Riley.) 


this mixture had been scattered freely around the edges of a field 
and states that this particular field stood out as a green patch in a 
brown plain, as it was situated in the midst of fields where nothing 
had been done to destroy the grasshoppers. This Criddle mixture 
now seems preferable to the poisoned-bran remedy that has given 
and still continues to give beneficial results, for it is less expensive 
than the latter and less likely to poison other animal life. 


COOPERATION. 


Cooperation between farmers or ranchmen is of the utmost im- 
portance, whether the hopperdozer or poisoned baits be used. On 
some of the more extensive ranches the owners can protect themselves 
by reason of the great extent of territory that is under the control of 
a single individual, but among smaller holdings cooperation is very 
essential. 
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FORESTALLING OUTBREAKS. 


The ranchman would style this “ watching out for trouble.” By 


this is meant the careful watching of the fields for the appearance 
of the grasshoppers. When these are found to be present, do not 
wait to see what they are going to do, but prevent their doing any- 
thing by putting into practice, before any damage has been done and 
while the grasshoppers are very young, whatever measures are to be 
used. It usually requires several days to potson the grashoppers, and 
large areas can not be traversed with the hopperdozers in a day. Do 
not then wait to see what the grasshoppers will do, but see to it that 
by taking them at the start they are prevented from doing any harm. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
WasuinerTon, D. C., February 20, 1907. 
[Cir. 84] 
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THE SPRING GRAIN-APHIS. 


(Toxoptera graminum Rond. ) 


By F. M. WEBSTER, 
In Charge of Cereal and Forage-Plant Insect Investigations. 


. The species which forms the subject of the present circular (see figs. 
— 2), and which is commonly known in the Southwest as the “ green 


Fig. 1.—The spring grain-aphis (Yoxoptera graminum): a, winged migrant; b, antenna 
of same. a, much enlarged; b, highly magnified. (Original.) 


ndani—probably from Bologna, Italy—in 1852, just thirty years prior 
its discovery in America. Rondani states that in June the winged 


grants were so abundant in the streets of Bologna as to cause the 
habitants great annoyance. The first time the insect came to notice 


America, specimens were sent to the Department of Agriculture, but 
m what locality is not known. Jn June, 1884, it was found in some 
undance near Cabin John, Md., on wheat. A few days later, that is, 


vout the first of July of that year, the writer found it infesting the 
vheat in his breeding cages at Oxford, Ind., where he was temporarily 
4 ocated as a field agent of this Department. 


1For technical descriptions in English of the winged and wingless females of 
| this grain-aphis see Pergande, Bul. 38, Div. Ent., U.S. Dept. Agric., p. 18, 1902. 
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This pest seems to be rather erratic in its outbreaks in both Europe 
and America. To the agriculturist it suddenly appears in immense 
swarms on the grain in the fields in spring, ruins the crop over large 
areas of country, and does not reappear in destructive numbers, perhaps, 
for many years. The fact is, however, that it can be found in the grain 
fields during any year, throughout the region it infests, although it may 
not be sufficiently abundant to work serious injury. The extreme 
rapidity with which this insect multiplies, unless restrained by natural 
checks, gives color to the farmer’s belief in its sudden appearance, for 
within a few weeks, from numbers too few to be readily noticeable, it 
will develop myriads that swarm over the green plants, turning whole 
fields of thrifty grain to brown, dwarfed plants that produce no heads, 
or else, reaching a height of not more than 6 to 8 inches, have heads 
that are foreshortened and nearly devoid of kernels. Thus it is that 
within the short space of less than twenty years this aphis has come to 
be one of the worst pests of its kind in the grain fields of the south- 
central portion of our country. | 


SEASONAL HISTORY. 


The life cycle of this insect does not appear to differ from that which 
is usual among aphides. The single generation of males and sexual or 
egg-laying females appears, as far north, at least, as latitude 40° 27’, in| 
October, but possibly earlier to the south. The egg-laying female is 
wingless and may be easily distinguished by her position on the plant, 
the body being held almost at right angles instead of parallel to the 
leaf. She may be further identified by the eggs, which show through 
the skin, their outlines appearing like lateral oblique lighter lines on the: 
abdomen. | 

The eggs, which are glossy green immediately after deposition, but 
later turn jet black, are laid among the grain plants in the fields. 
Possibly some are placed elsewhere, but if so the writer has failed to 
find them. While these aphides overwinter in the egg state, they also 
pass the winter as viviparous females in the fields as far north as lati- 
tude 40° 27’, where the writer has found them reproducing by the first 
of April. The writer has kept them breeding within doors where the! 
temperature during the night frequently fell below the freezing point 
and ink was frozen in the inkstand on the desk. In this way they were 
reared throughout the entire winter of 1889-90 at Lafayette, Ind. h 
the same locality, in 1884, they were breeding in the fields until afte 
the middle of December. There is no doubt whatever that in the South, 
and even as far north as St. Louis and Cincinnati during mild winters, 
the species breeds in this way during the entire winter, though the eggs 
deposited in fall probably do not hatch under such low temperatures, 
but remain unhatched until spring. 
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| 
When the foliage of the cultivated grains becomes too old and tough- 
Jened to afford them sufficient nourishment, the young—as is usual 
, among aphides—develop to winged viviparous females (i. e., winged 
females that give birth to living young, fig. 1, a) and forsake the erain 
fields. Thus it is that the migration from the grain to the alternate 
\ food plant takes place in June, while in the fall of the year the aphides 
jreturn to the fields instead of leaving them, although the latter is the 
‘rule with most of the other species whose habits are well known. It is 
‘this variation from the usual habits of allied species that renders this 
/ particular aphis so destructive in grain fields and its control so exceed- 
(ingly difficult. 

. With the appearance of the young grain in the fields in autumn the 
 aphides again appear, being represented by winged females that soon 
: begin giving birth to young, and various sizes of the latter according to 
age may frequently be observed surrounding the mother on the leaves. 


Fig. 2.—The spring grain-aphis (Toxoptera graminum): a, wingless female; b, larva; 
’ . . 
c, pupa. Much enlarged (original). 


, Young develop to adults and themselves begin to reproduce within the 
_ space of a week, so that in favorable weather several generations may 
, be fully represented on the same plant by young of all ages and winged 
.and wingless females. 


A 


RAPIDITY OF INCREASE. 


L 


' In experiments with a winged female in April, in Indiana, the writer 


Obtained 37 offspring within the period of eighteen days, and at the 
/end of this time some of her firstborn were themselves grandmothers. 
‘From the writer’s experience with allied species it is probable that the 
wingless female is much more prolific than the winged female, so that 
‘it would be entirely within reason to suppose that a wingless mother 
‘would be capable of producing at least double the number of young 
mentioned above within a slightly more extended period of time. 
Tt will thus be seen that within a brief period, under favorable circum- 
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stances, a comparatively few females may become the progenitors of 
the enormous swarms of these insects that overrun and destroy fields: 


of grain over vast areas of country. 


FOOD PLANTS. 


The writer has found this grain aphis breeding freely on wheat, rye, 


oats, barley, and corn, though it seems to prefer wheat and oats. 
Orchard grass (Dactylis glomerata) seems to suit the taste of these 
insects almost as well as wheat, and it 1s probably to this and some 


other grasses that the winged females migrate when they forsake the 


grain fields in June. 


Although the writer failed to rear the insect from Eragrostis, Panicum, 


Ixophorus (Setaria), Agrostis, and Bromus, it is quite probable that it 
may be found on some of these, as it is known to occur on some of 


these grasses in Europe. Rondani gave as food plants oats, wheat, 


spelt, couch grass, Hordeum murinum, soft chess (Bromus hordeaceus), 
and corn. In 1863 Passerini added sorghum, and in 1900 Del Guercio 
gave the food plants as wheat, barley, oats, corn, orchard grass, Bromus 


sp., and Loliwm perenne. It seems quite likely, therefore, that the 
present list of this insect’s food plants in America may in future be 


considerably enlarged. 


DISASTROUS OUTBREAKS IN AMERICA. 


While more or less common every year, the occurrences of this grain 
aphis in such destructive abundance over such a large area of country 
at such long intervals of time are somewhat puzzling phenomena. 


When first met with by the writer, in 1884, the insect in question was 


not at all injurious, and it was more than five years later that it was 


again encountered—this time as a serious pest. This was the outbreak 


of 1890, which proved so disastrous to wheat and oats over a section of. 
country extending from Texas to northern Missouri, through southern | 


Illinois and Indiana to eastern Kentucky and Tennessee. Oats were 


destroyed as far north as Franklin, Ind., latitude 39° 30’. Though | 
quite abundant at times, this aphis did not again cause serious injury 
until in 1900, when the Southwest again suffered an outbreak which, | 


while even more serious in Texas than was the one in 1890, did not 
extend so far northward. The present year (1907) there is every indica- 
tion of a recurrence of-the pest, for as early as January this insect was 


reported by Mr. W. D. Hunter, of this Bureau, as destroying the fall 


wheat and oats in northern Texas. 


NATURAL ENEMIES. 


Not only is this aphis enormously parasitized, but toward the last of 


May and in early June both young and old are devoured by lady beetles | 
and their larve, great numbers of which can be observed at work in 


{ 
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infested fields. The species that have been most conspicuous in this 
work are Coccinella 9-notata Hbst., C. sanguinea L., Hippodamia paren- 
thesis Say, and H. convergens Guer. (fig. 3). Megilla maculata De G. 
is rarely seen with the preceding in infested fields. 

Of the hymenopterous parasites Lysiphlebus tritici Ashm. is especially 
useful. In southern Indiana, in 1890, this little slender, black, four- 
winged fly became excessively abundant and destroyed myriads of the 

pest. When at work this diminutive enemy of these aphides may be 
geen running over the plants, thrusting its ovipositor into their bodies. 
_ Soon thereafter the body of the parasitized aphis becomes swollen and 

rounded, and at the same time the skin hardens and changes in color 
toa leather-brown. Shortly after, a circular disk is cut by the parasite 
‘in the body wall of its host, and pushing this out the fully developed 
ic 
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Fig. 3.—Hippodamia convergens, a lady beetle which devours the spring grain-aphis: 
a,adult; b, pupa; c, larva. All much enlarged (from Chittenden). 


insect makes its way forth to at once begin laying eggs in the bodies 
of others of its host, both old and young. In southern Indiana, in 
1890, these parasitized individuals became so abundant on the leaves 
_of the grain as to add materially to the brown color due to the effects 
_of their own feeding on the plants, and their presence could be noted 
from a considerable distance. Prof. E. Dwight Sanderson, while at the 
Texas Experiment Station, came to the conclusion that in Texas the 
“natural enemies ordinarily destroy such large numbers of this pest that 
it is held in check thereby. The writer came to a similar conclusion 
“many years ago, and concluded, further, that the abundance of these 
parasites throughout the area in which this aphis is destructive is pri- 
marily regulated by the weather during the time intervening between 
- November and May. 


METEOROLOGICAL INFLUENCES. 


Attention has already been called to the fact that the spring grain- 
aphis can breed in the fields during the prevalence of a temperature 
that would render most insects inactive. It seems almost equally clear 
that serious and widespread outbreaks of this insect are due to a lack 
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of a sufficient number of parasites to hold it in check. Added to this 


. 


is the fact that disastrous outbreaks have followed mild winters, suc- — 


ceeded by a spring that was below the normal in temperature and 
more or less stormy. ‘The writer has observed, in the case of other 
aphides, that seasons of unusual abundance are preceded by cold, wet, 
and usually “‘backward’’ springs. The situation, then, is probably 
this: The pest is ordinarily kept down by its natural enemies, but 
during open winters—not sufficiently mild, however, to render these 


enemies active—it breeds unrestrained, and the exceptionally cold, wet 


spring enables it to continue breeding while the parasites are still inac- 
tive; thus the pest is enabled to get the advantage in point of numbers 
and work its devastation before the natural enemies can become suffi- 
ciently abundant to overcome it. 

It can be seen, therefore, that although the farmer’s interests are 
involved, he is unable to determine for himself just what is going on in 
his fields. He can not foretell the weather months in advance and has 
no way of knowing when to expect a recurrence of a serious outbreak of 
the aphis until it is too late to ward off its consequences. The reader 
will correctly infer from the section on preventive and remedial measures 
which follows that when spring approaches there is little that can be 
done by the farmer to improve the situation in case the insects are 
present in great numbers; but the outlook is by no means the gloomy 
one that may appear from this statement. Following the spring rains 
there usually comes, sooner or later, a period of dry, warm weather, and 
whenever such a period comes the aphides very soon disappear. The 
reason for this is that their parasites and natural enemies, no longer 
deterred from activity by cold and wet, immediately begin to breed with 
extraordinary rapidity and bring about their practical destruction. 
Should this warm, dry period come later than usual, greater damage is 
inflicted by the aphides; should it come earlier than usual, serious 
injury is correspondingly obviated. 


PREVENTIVE AND REMEDIAL MEASURES. 


We really know far too little of this pest to be able to deal with it 
satisfactorily. It would seem that the later in the fall grain were sown 
the less attraction there would be for the pest to invade the fields in 
fall. Late sowing, then, is about the only preventive measure that can 
be suggested. 

On the subject of treatment for these insects there is not much more 
to be said. It is probable that a great many of the aphides could be 
destroyed by rolling the fields as soon as the pests appeared on the 
leaves in any considerable numbers. Brushing over the fields with a 
brush drag, made by fastening the.ends of limbs or bushes in holes 
made in a rail or a piece of 4-by-4-inch timber, might also prove bene- 
ficial. These two practicable measures are all that can be advised with 
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ny encouragement at present for general relief from the ravages of this 
nsect. In the case of small isolated fields, however, it is possible that 
some benefit might be derived from dusting with slaked lime at a time 
hen the pest is clustered on the leaves. 
‘Approved: 
' James WILSON, 

Secretary of Agriculture. 
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THE CORN LEAF-APHIS AND CORN ROOT-APHIS. 


By F. M. WEBsTER, 
In Charge of Cereal and Forage-Plant Insect Investigations. 


The corn leaf-aphis (Api?s maidis Fitch) and the corn root-aphis 
(Aphis maidi-radicis Forbes) are together made the subjects of this 
circular because both attack growing corn, because it has yet to be 
clearly shown that there is no direct kindred connection between 
them, though it is possible that they are distinct species, and because 
this question of their identity or relationship presents itself to almost 
every observing farmer. 

The leaf-aphis does the farmer little direct injury. ‘The root-aphis, 
on the other hand, sucks the sap from the roots of his corn, thereby 
causing the plants to become dwarfed, and in serious cases the leaves 
turn brown and die. In an infested field the corn will be ‘* spotted,” 
as farmers term it—that is, while the plants on certain areas in the 
field may make a normal growth and may ear well later on, those 
on other areas will make little growth, but tassel out after they have 
become a foot or a foot and a half high, producing the almost worth- 
less ears known as ‘‘nubbins” or none at all. Thus the damage to 
the crop in some fields at times reaches 50 per cent or more, and the 
annual loss throughout the corn belt must amount to well on toward 
a milliondollars. This root-aphis is really becoming the most serious 
of the many insect pests of the cornfield, especially where a strict 
system of crop rotation is not carried out. 


THE CORN LEAF-APHIS. 


The corn leaf-aphis (figs. 1, 2) was described by Dr. Asa Fitch in 
1856 from eastern New York, but it is now known to occur from New 
England to North Dakota and Texas, as well as on the Pacific coast. 
Besides, it was found by the writer in great abundance on sorghum 
on the grounds of the Agricultural College of South Australia, at 
Roseworthy, February 9, 1889. Professor Lowrie, at that time prin- 
cipal of the college, assured the writer that it sometimes became so 
excessively abundant as to render the plants obnoxious as fodder for 
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APPEARANCE AND HABITS. 


The corn leaf-aphis is bluish green in color. It appears on corn 
throughout the Middle West early in July—about the time that the 
root-aphis begins to decrease in numbers on the roots—sometimes 
literally swarming on the leaves, husks, and tassels. Here it gives 
birth to its young, and disappears from the plants only as these ripen 
and become dry, some individuals even remaining among the husks of 
belated ears until freezing weather kills them outright. 

Whence these insects come, in July, when the first few wingal 
females appear on the leaves iy the corn, is a mystery, equaled only 


Fic. 1.—The corn leaf-aphis (Aphis maidis): Winged female. Much enlarged (original). 


by the problem as to the destination of the winged individuals that 
leave the same plants in autumn. While on the plants they are 
attended by the little brown ant, the same one that cares for the root- 
aphis. Thus it will be seen that we have but a fragment of the life 
cycle of this insect; for, if it is a distinct species, it must occur else- 
where than on corn long before July, and it is equally clear that if 
distinct it must migrate in the fall to some plant that will afford food 
for the young the following spring, there to deposit its eggs. We 
judge this to be the case, as it is known that with most species of 
aphides there occurs in fall a generation of winged females that fly 
to the spring food-plant, there to produce a generation of both males 
and females, the latter laying eggs that do not hatch until spring. 
From spring until fall there are no males and no eggs; all young 
[Cir. 86] 


stock. The insect is known also from Japan. In our own country, | 
while not usually a serious pest, it is said to damage corn, sorghum, 
and barley in Texas, while Doctor Forbes has noted a reddish dis- 
coloration due, he thinks, toa bacterial effect following its occurrence 


on broom corn. 
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are born alive, after the manner of mammals, and all are fertile 
females. It will therefore be very clear that with no knowledge of 
the males and with only this fragment of the life cycle of the females 
it is impossible to say whether the leaf-aphis is an above-ground form 
of the root-aphis or whether it is distinct from and wholly inde- 
pendent of that insect. 
FIELD EXPERIMENTS. 


In October, 1885, the writer transferred some volunteer plants of 
corn from the field of fall wheat, where they were growing, to some 
breeding cages. The plants were thickly populated with winged 
females of the leaf-aphis, and these were carefully secured with the 
plants, both being subjected to the same conditions which would have 
influenced them had they remained in the field, except that the ants in 
attendance were excluded. On May 8, 1886, corn was planted in these 
cages and grew therein till after the 15th of June—when it was thrown 
out—without a single individual of either 
root or aerial form of the root-aphis being 
on or about the plants. 

Dr. S. A. Forbes, State entomologist of 
Illinois, under whose direction most of the 
investigations of these insects have been 
carried out, in summing up the results of 
a long series of carefully conducted experi- 
ments of his own, comments as follows: 


The foregoing data confirm our ignorance more 
than they increase our knowledge, showing, as they Cea 
Ho. the fail Peril atte ee aac ome ‘ FiaG. 2.—The corn leaf-aphis (Aphis 
4 wy eS ot ETE PSE te a or POLIS majdis): Winglessfemale. Much 
bisexual generation or an alternative food plant of enlarged (original). 

Aphis maidis, or to learn how and where it normally 

passes the winter. Its willingness to feed on winter wheat and ability to breed 
freely on that plant, its indisposition toward grass or the foliage of the apple, and 
the natural frequency of successive generations, are the principal other facts evident 
from these observations. 


Winged females of the root-aphis occur in summer on the leaves of 
corn together with those of the leaf-aphis, but never in such immense 
numbers. The two forms of winged females seem to be distinguish- 
able, but the sexes have never yet been observed to interbreed— 
indeed without males above ground they could nct do so; hence it is 
yet too much to say whether there are two distinct species, with the 
males of but one yet discovered, or whether these are two forms of a 
Single species, with as yet undiscovered relationships obscured by 
long-continued influences of ants. As it is with the root-aphis that 
the farmer has most to do, that species will be chiefly considered here. 


_@Twenty-third Report, State Entomologist of Illinois, p. 133, 1905. 
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THE CORN ROOT-APHIS. 


Although the corn root-aphis (figs. 3, 4) was not definitely described 
until 1891, its presence in the cornfields of Illinois was noticed by 
Mr. B. D. Walsh in 1862, near Rock Island, and these two corn 
uphides were made the subject of a paper contributed by him to 
the Transactions of the Illinois State Agricultural Society. Mr. 
Walsh, who was afterwards the first State entomologist of Illinois, 
stated that his attention was called to the ‘‘ lice” on the roots of corn 
in this field in the latter part of May, 1862, and about a fortnight later 
he visited the field in person. He illustrates a section of corn root 
‘Sas I saw it with my own eyes, swarming with these tiny pests.” 
Further, he states that from wingless specimens, secured at the time 
of his visit, he afterwards reared 15 winged females. From the 
fact that the description of the leaf-aphis by Doctor Fitch ‘“ agrees 


Fic. 3.—The corn root-aphis (Aphis maidi-radicis): Winged female. Much eniarged (original). 


tolerably well” with that of the species that he found attacking the 
roots in June, he suspected that the two were identical. An illustra- 
tion of the winged female reared from the roots does not, however, 
tend to convince one of the correctness of his opinion, as it best repre- 
sents the winged root-aphis and rather sustains the fact that the root- 
aphides were present on the roots of corn at that time, in the vicinity 
of Rock Island, and that from some of these he succeeded in rearing 
winged adults in June. While this is not in the least surprising it is 
nevertheless interesting as being a record of the original discovery of 
the root-aphis and of the discovery and rearing of the winged female. 
The statement made that the root-aphis was attended by little brown 
ants is still further evidence of the validity of these observations, 
however incorrect Walsh’s conclusions therefrom may have been. As 
a matter of fact, up to about that time spring wheat culture had domi- 


«Vol. 5, pp. 491-497, 1861-64. 
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nated over the prairie country east of the Mississippi River and north 
of the Ohio River, so that conditions were not favorable for the root- 
aphis. But about that time conditions changed and corn culture 
became dominant, necessitating the continued cultivation of large areas 
to this latter grain for a greater or less number of consecutive years. 
Thus this pest was brought into continually increasing prominence, 
and Mr. Walsh’s observations were made about the time of what was 
probably the beginning of its career of destructiveness. 


DESCRIPTION. 


For all practical purposes the root-aphis may be sufficiently charac- 
terized as follows: The color is bluish-green, slightly whitened by a 
waxy bloom. The body is oval, and on the anterior part of the back 
are two short, slender, rather conspicuous cornicles or tubes, either 
standing erect or projecting slightiy backward 
(fig. 4). The winged female (fig. 3) has a black 
head and brownish-black thorax, the abdomen 
being pale green, with about three marginal black 
spots and numerous small dark specks over the 
surface. The antenne are dark, with paler tinge 
at articulations, and the legs are mostly black. 
The only form of male known is wingless, like 
the female found on the roots. 


THE ROOT-APHIS AND THE LITTLE BROWN ANT. 


Before proceeding further it is necessary to 
: ope ns sere Fic. 4.—The corn root-aphis 
describe a most important and astonishing do- “(405 .. maidi-radieis): 
a j 2 2 Aphis maidi-radicits): 
mestic condition involving the brown ant (Las7ws — Wingless female. Much 
; larged (original). 
niger li., var. americanus Emery) and the other- 9 “3 °" (NEmsY 
wise helpless Aphis matdi-radicis. The presence of ants burrowing 
about young corn plants in the field has frequently attracted the 
attention of farmers, and damages to the crop are very frequently 
attributed to them. The species under consideration is one of our 
most abundant and widely distributed ants, occurring in colonies of 
from fifty to several hundred in burrows in the fields. While it is of 
‘itself harmless, it is in reality responsible for all of the ravages caused 
by the root-aphis, whose life history and habits it appears to have 
entirely revolutionized, as will now be explained. 


LIFE HISTORY AND HABITS OF THE ROOT-APHIS. » 


The normal life history of aphides in general is as follows: The win- 
ter is passed in the egg state upon or near the plant upon which the » 
young must first subsist in spring. From these eges there hatch young 
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aphides that are all females and these ina short time begin to give birth 
to living young which are likewise all females. Thus the life cycle 


goes on, and though there is usually a radical change of food plant, 
there are neither eggs nor males until autumn, when there is a genera- 
tion consisting of both males and females, the latter depositing eggs 
that winter over. This egg-laying female and the male are the un- 
known forms of the leaf-aphis. 

Now, taking up the life history of the root- aphis, we find eggs in the 
fall, it is true, but only in the burrows of and attended by these ants. 
i Gears are eggs, egg-laying females, or males elsewhere they have 
yet to be discovered. The ants care for these eggs throughout the 
winter, shifting them about, according to Forbes, as they do their own 
young, to accommodate them to changes of weather and moisture. In 
spring, the young, as soon as they hatch from these eggs, are trans- 
ferred by the ants to the roots of young foxtail grass, smartweed, and 
even ragweed. ‘The young are carried out to pasture, as it were, dur- 
ing fair weather, but in bad weather, or on cold nights, they are taken 
back to the burrows of the ants. The plants just mentioned are the 
ones that push up:early in spring in last year’s corn lands, and espe- 
cially in fields that have been plowed and allowed to stand untouched 
for a week or so. Usually the farmer plows his ground in spring and 
pays little attention to this early growth of weeds and grass, as he can 
generally dispose of it as soon as he begins to cultivate the corn, 
although this is not until the rows of young plants can be followed ba 
the eye across an ordinary field. As soon, however, as the corn plants 
begin to show above ground the ants not only areees the young 
root-aphides from the burrows to the roots of corn, but they will also 
remove them from the roots of grass and weeds and recolonize them 
on the roots of young corn. Now these young aphides are all females 
~ and within a few days they begin to give birth to young, also all females; 
these, too, are cared for by the ants, which place them on the freshest 
and most tender rootlets. This procedure goes on about the roots of 
corn throughout the spring and summer. Forbes has found that 
under the most favorable artificial conditions there may be as many as 
sixteen generations between April 8 and October 10, ten of which may 
coexist atthe sametime. Itis hardly probabie, however, that so many 

generations can exist under ordinary field conditions; nevertheless it 
~ may be rightly inferred from this that the multiplication of the species 
is enormous. These ants not only transfer the root-aphides from 
one root to another of the same plant, but will carry them from one 
plant to another a considerable distance away. In the spring of 1887 
the writer placed a number of flowerpots containing young, growing, 
uninfested corn plants between rows of infested hills of corn in the 
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field. The corn in the infested hills was then pulled up, exposing the 
‘roots on which the aphides were clustered. The little brown ants at 
once began to carry the aphides to new quarters, and the next day the 
latter, some of them full grown, were abundant on the roots of the 
corn in the pots, although there were none on them when the pots were 
putin place. Ants were observed over a yard away from the plants that 
had been uprooted, with root-aphides in their mouths, to all appearances 
searching for a suitable place in which to establish their charges on 
the roots of corn. Thus it is that from the laying of the eggs in fall 

to the last or egg-laying generation of the following year this aphis is 

_ wholly dependent on the little brown ant for its existence in the culti- 
vated fields, and the farmer can justly charge up his losses through the 
attacks of the root-aphis to the influences of thisant. But the matter 
does not terminate here, as will be seen by what follows. 


WINGED FEMALES OF THE ROOT-APHIS. 


So long as the roots upon which the root-aphides are colonized afford 
an abundance of nourishment for them, all will be wingless, but as 
~soon as the roots become tough and woody or dry out there will be a 

generation of both winged and wingless individuals, the former escaping 
from the burrows about the roots to fly to other plants, and in all 
probability to other fields, where they may be found on the leaves. 
The ants usually transfer the wingless individuals to more succulent 
roots, but seem to pay little or no attention to the winged individuals, 
letting these make their way out and away. But in May, 1887, the 
writer was able to watch some of these winged nomadic individuals in 
a cornfield to which they had migrated and to note the results of their 
wanderings. A field of corn had been planted on May 18. Five days 
later there came a heavy rainstorm that flattened the surface of the 
ground, which was soon incrusted by the action of wind and sun. 
Four days afterwards there were freshly-thrown-up mounds of earth 
about some of the corn plants, and ants were busily engaged in and about 
_these and running up and down over the young corn. On examining 
these mounds and burrows the writer was surprised to find winged 
root-aphides giving birth to young on the roots, attended by ants. 

_ All of these young were very small, at most but a few days old. Other 
winged individuals were found on the leaves and even on the stems of 
corn, and when any one of these was placed where the ants could find 

_ it, it was promptly captured by an ant and transported to the roots of 
the corn. Observation showed that as soon as the ants running about 
over the young corn plants found a winged aphis they made a burrow 
about the base of a plant, and soon domiciled the wanderer on the root 
under their guardianship. Then when the aphis began to give birth 
_ to young these were promptly removed to another part of the same 
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root or to another root close by, and there watched over by the patient 


and industrious ants. The same thing was observed going on about 
a young plant of fox-tail grass in this same cornfield. 


INFLUENCES LIKELY TO PRODUCE FEMALES. 


While the production of winged individuals seems to be brought 
about largely by insufficient food supply, Forbes is of the opinion that 
the production of egg-laying females is fully as much—if not indeed 
much more—influenced by the temperature, a low temperature caus- 
ing them to be produced at any time, regardless of generation; and he 
himself has secured them from as many as five different generations. 
In two cases recorded by him the first young produced developed to 
adults that gave birth to their young, whereas the last developed to 
adults that laideges. These cases, although seeming rather out of the 
ordinary, illustrate the fact that the insect may adapt itself to widely 
different autumn conditions; that is to say, an early frost, which pre- 
supposes a low temperature, kills the corn but does not annihilate the 
insect, for an egg-laying generation is thus precipitated and the ants 
promptly secure the eggs. This egg-laying generation is probably 
produced in September or October, as these females are found in the 
burrows of ants at that time. Possibly it is produced earlier to the 
South. Mr. C. N. Ainslie, of this Bureau, one of the writer’s assist- 
ants, found the egg-laying females quite numerous in such situations 
on September 22, at Annapolis Junction, Md. The chief item of 
interest to the farmer is the fact that these eggs are taken charge of 
by the ants and kept through the winter. 


THE ANT’S CARE FOR EGGS AND YOUNG OF THE ROOT-APHIS. 


There is no indication that the ants hunt the fields for egg-laying 
females; on the contrary, they secure their supply of eggs from females 
kept for precisely that purpose in their burrows about the roots of 
corn. This affords ample explanation of the increasing abundance of 
root-aphides in fields that are cultivated to corn year after year in 
succession, and it also points to a preventive measure. The object of 
all of this care on the part of the ants is to obtain from the root-aphis 
a sweet fluid known as ‘‘honey dew.” Owing to this peculiar rela- 
tion, this and some other aphides are commonly termed *‘ ants’ cows.” 
Thus the economic importance of this insect and its association with 
ants is for practical purposes fully accounted for and an explanation 
furnished as to why farmers are misled into believing that it is the 
ants that actually destroy the corn. Not only this, but a condition of 
affairs is revealed which shows why this young growth of grass and 
weeds that springs up soon after the ground is plowed in spring, pre- 
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_paratory to putting out the young crop, and which usually causes the 
farmer little concern, is really of vital importance. The farmer rests 
secure in the knowledge that he can easily kill this growth of weeds 

and grass later. This is true; but he does not do so until his corn has 
'grown to a size that will permit cultivation, and by this time the ants 
have transferred the root-aphis to the corn. The aphides are then no 
longer dependent on the roots of the grass and weeds, so that the 


‘destruction of the latter at this time does not seriously affect the 
domestic arrangements of the ants and aphides. 


NATURAL ENEMIES OF THE ROOT-APHIS. 


While the leaf-aphis is attacked by a host of parasites, the root- 
aphis does not appear to suffer in the least from inroads of either para- 
sitic or predaceous insect enemies. This is, perhaps, owing in part to 
the protection offered by the ants. All natural checks must therefore 
be meteorological influences, and, as previously shown, these also are 
to a marked degree overcome by the watchful care of attendant ants. 


PREVENTIVE AND REMEDIAL MEASURES. 


Preventive measures deal with the pest prior to its becoming estab- 
lished on the roots of corn in the fields; remedial measures, with dis- 
posing of it afterwards. 


CROP ROTATION. 


From the fact that in the midst of the corn belt, and where the 
root-aphis is known to prove destructive under certain conditions, 
almost complete immunity is secured where a system of crop rotation 
has been carried out for many years, involving but one corn crop in 
the cycle of rotation, it is self-evident that this measure offers the 
greatest protection from the ravages of this pest. Indeed, it is only 
where such a system of crop rotation is not practicable that the root- 
aphis need be considered in farm practice. To the eastward, where 
there is more general rotation of crops, this pest does but little injury. 

Unfortunately, local conditions, often extending over large sections 
of country, will not permit of crop rotation being generally adopted, 
and some other plan more feasible must be put into practice. Two 
other methods may be followed. One of these is practicable through- 
out the corn-growing section of the country in seasons of not more 
than normal precipitation during the time intervening between the 
first plowing of the ground and the first cultivation of the young corn. 
The other is perhaps best adapted to the southern portion of the coun- 
try on account of the milder winters. 
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STIRRING THE SOIL AFTER PLOWING AND BEFORE CULTIVATING THE CROP. 


The action of the ants in colonizing the young root-aphides on th 
roots of young grass and weeds that spring up in the fields almos 
immediately after plowing in spring has already been explained 
Indeed, this is the only pasturage for young root-aphides that is avail 
able at that particular period, and if this can be destroyed the pes 
can not survive until corn roots are available. If, then, the ground i: 
frequently stirred from the time it is plowed until the first cultivation 
takes place, not only will this pasturage for the pest be destroyed, bu 
the homes of the ants will be continually broken up and a greater o 
less number of their own young, as well as the young root-aphides 
will be killed, while many unhatched eges of the pest will be destroye 
or lost to the ants. This measure involves additional] labor, it is true 
but in the writer’s experience it has proved effective, and, besides 
every up-to-date farmer knows that the more the soil is stirred, pul 
verized, and compacted prior to the first cultivation, the more thriftil; 
will his crop grow when it is fairly started and the more grain will i 
produce. So, then, the extra labor involved in this practice is not with 
out ample return, aside from the fact that.it demoralizes the ants anc 
destroys the root-aphis. The only sections of the country where this 
is not strictly true are some portions of the South, where the planter 
- must endeavor to curtail the growth of stalk in order to secure large 
and more perfect ears. But here, again, corn is not the major crop, 
it is not grown for several consecutive years on the same ground, an 
the root-aphis is not so excessively abundant. 


LATE FALL OR WINTER PLOWING. 


It is in the southern section of the country that the second prevent- 
ive measure, 1. e., late fall or winter plowing, can be best applied. 
In the corn belt of the more northern section of the Middle West, not 
only is winter plowing, as a rule, utterly impracticable on account of 
the more severe weather, but the fodder, instead of being secured as 
in the East and South, is pastured off after the corn has been husked. 
To practice late fall plowing, or indeed to fall-plow at all, would mean, 
therefore, in this northern section, the sacrifice of this important item 
in farm economy. As far north at least as the latitude of Washing- 
ton, however, winter plowing is frequently entirely practicable, and 
there is little doubt that it will prove entirely effective against the 
root-aphis. 

During the winter of 1906 Mr. John Bowie, of Annapolis Junction, 
Md., winter-plowed the major portion of a 60-acre field in preparation 
for corn the following season. The plowed portions occupied each of 
two sides of the field and a narrow headland at one end; thus the un- 
plowed area was left in the middle of the field and this was plowed in 


[Cir. 86] 


il! 


ee. 


the spring. On July 28 the writer went over this field of corn care- 
fully and found that over the spring-plowed portion nearly every hill 
of corn was infested by the root- one The crop was an almost com- 

lete failure. Much of the corn had been killed out previous to the 
time of the writer’s visit and the remaining part was dwarfed in growth, 
bore few ears, and such as it had were very small and almost worthless. 
All over the winter-plowed portion, however, there was every pros- 


Jand previously mentioned. Anassistant, Mr. Ainslie, visited the field 
in late September and was abie, without information from any person, 
to locate, to a row, the dividing line between the two plowings. This 
was clearly visible on account of the difference in appearance in the 
stubble—the corn having by this time been cut and shocked—and also 
on account of the number, size, and appearance of the shocks. There 
was a difference of fully two-thirds in favor of the winter-plowed por- 
ions of this field. As the yield of the winter-plowed portion was ap- 
proximately 75 bushels per acre, the spring-plowed would not exceed 
5, showing a probable loss of about 50 bushels per acre. Atthe 
market price, 75 cents per bushel, the loss would amount to $37.50 
per acre, to which must be added the loss in fodder. These figures 
show quite conclusively the amount of damage this root-aphis is capable 
of doing, as well as what can be accomplished in the way of prevention 
by thoroughly practical methods. 


THE USE OF BARNYARD MANURE. 


It seems to bea fact, borne out by field observations, that where 
ground has been fertilized with barnyard manure the root-aphis does 
not become so destructive. As far back as 1886, on the experiment 
farm of Purdue University, at Lafayette, Ind., the writer made some 
observations which led to the conclusion that oe oper fertilizers applied 
to the soilare a general preventive of damage. This was clearly proved 
by the appearance of the crop on a series of eighteen plats on the uni- 
pity farm. These plats were located side by side and numbered 1 
to 18. All had produced corn for the previous six crops, those plats 


_ 
ne 


. even numbers not having been fertilized during that time. Plats 
1, 7, and 13 had, three and again two years previous, received appli- 
Bion: of gas- eae plats 3, 9, and 15 had received applications of 
superphosphates cane the same years, while plats 5, 11, and 17 had 
Teceived similar treatment with barnyard manure. The result, up to 
July, 1886, was that the corn on all plats except those fertilized by 
barnyard manure was small and uneven in growth, while on plats 5, 
11, and17 the plants were fully a third larger, more thr ifty,and far ase 
uneven in height. In fact, these plats could be distinguished from 
any of the others at a Fintaime from the field. It was unfortunate 
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that the carrying on of the experiments forbade any examinations of 
the roots in order to estimate the relative number of aphides inhabit- 
ing each series of plats. . 


EXPERIMENTS IN DRIVING THE ANTS FROM THE ROOTS OF CORN IN THE FIELD. 


During June, 1886, a number of experiments were made to test the 
immediate effect of fertilizers, including salt, upon the aphides, and 
also to learn if the antscould be induced thereby to abandon or remove 
their favorites to other plants. 

The substances used were two commercial fertilizers (Bunner bone 
dust and bone guano), barnyard manure, and common salt. A double. 
experiment was made with each. The first two substances were applied 
(1) by scattering a tablespoonful on the surface of the ground about 
the plant and sprinkling with water sufiicient to wash it at once into 
the soil, and (2) by drawing the earth away from the roots, scattering 
the same amount of fertilizer about the roots, then replacing the earth, 
and sprinkling the surface less thoroughly than with the first. The 
barnyard manure was well-rotted and a quantity sufficient to fill a pint 
measure was used in the same way. The salt was used in the same 
way as the manufactured fertilizers. 

The result, a week after, was that the ‘‘lice” were still about the | 
roots in every case, and, except where salt was used, they were found 
in the midst of the substances apphed. The salt only drove them from 
one portion of the roots tosanother. Sand dampened with kerosene 
was then applied in the same way, but the surface application had no 
effect, and that made directly to the roots only drove the aphides from | 
one part of the roots to another, as did the salt. 


TREATING THE SEED BEFORE PLANTING. 


During the last two years Doctor Forbes, in Illinois, has been test- | 
ing a great number of substances with a view to treating the seed 
with some repellent that would render it so obnoxious to the ants that 
they would not place the aphides on the roots of the young plants. | 
It has indeed seemed possible to take advantage of the well-known — 
fastidiousness of these ants and find something that, applied to the- 
seed, would not injure its vitality, but would give off an odor so dis- | 
agreeable to the ants that they would shun the vicinity of its applica- | 
tion. The writer tried something of this sort in 1887—except that in 
his experiments substances supposed to be offensive to the ants were 
placed in the soil about the roots of the corn—but the results were 
not satisfactory. In treating the seed, however, Doctor Forbes seems 
to have had very encouraging success and he has permitted the writer 
to use here the results of his experiments, which are quoted in brief | 
as follows: 
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| The substance found most effective for the treatment of seed corn was a mixture 
‘of oil of lemon and wood alcohol. To 1 gallon of wood alcohol add 1 pint of oil of 
Jemon, and sprinkle and thoroughly stir 3 fluid ounces—that is to say, 6 tablespoon- 
| fuls—of this mixture into each gallon of corn shortly before planting, making sure 
that the fluid is equally distributed and that each kernel of corn has its proper 
i A thorough stirring after the application of the mixture is all that is neces- 
ysary. The odor of this compound, w hich will last for weeks in the ground, i 
extremely offensive to the cornfield ant, and these insects will not enter corn hills as 
‘long as it continues. As the root lice can not get access to the corn or maintain 
‘ themselves there except by the aid of the ants, the hills remain virtually free from 
) both insects for at least six weeks. 

} The wood alcohol should not cost more than $1 a gallon nor the oil of lemon more 
| than $2 a pint, and the above amount of the mixture will be sufficient to treat the 
‘seed for 45 acres, making a cost for materials of less than 10 cents per acre. Care 
should be taken to buy these substances from thoroughly relable druggists, the oil 
of lemon especially being subject to adulteration. If the mixture is not entirely 
-elear when shaken up the materials are impure. 


Doctor Forbes has in some cases succeeded by this means in reducing 
the number of root aphides 89 per cent and the number of ants 79 per 
-eent, which is certainly a very creditable showing for this mixture. 
‘The mixture of wood alcohol and oil of lemon is so easily made and the 
application so inexpensive and simple that it is to be hoped that farmers 

who have suffered from the ravages of this pest will give the prepara- 
tion a thorough trial in their fields. While local conditions may pre- 
vent the putting into practice of any or all of the other measures of 
relief here advised, it is difficult to conceive of a situation that would 
prevent a farmer from treating his seed corn before planting, as 
recommended. 

Approved: 

JAMES WILSON, 
Secretary of Agriculture. 

Wasuineton, D. C., Apral 5, 1907. 
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THE COLORADO POTATO BEETLE. 


(Leptinotarsa decemlineata Say.*) 
By F. H. CHITTENDEN, 
Entomologist in Charge of Breeding Experiments. 


There are few more familiar insects to the farmer and others who 
lead a rural life than is the Colorado potato beetle, or “ potato bug,” 
as it is commonly known; and yet scarcely more than forty years 
ago the potato crop of the United States had no very important insect 
enemy. Not many years later this insect had, by its depredations on 
potato, one of our most valuable food staples, caused as great concern 
as have the San Jose scale and cotton boll weevil in the past decade, 
-and was also the subject of much study and experiment. Although 
so common an insect, 
‘Imany are not thor- 
oughly acquainted 
with its life history 
and habits and with 
the best methods of 
combating it, and this 


applies particularly to 
persons farming ge een 1.—Colorado potato beetle (Leptinotarsa decemlineata): a, 
Beetle; b, larva; c, pupa. Enlarged (original). 


districts only recently 

“invaded by the foe. The insect is continually extending its range 

southward, and many complaints are received from localities where 
the pest has not become thoroughly acclimated. 

The potato beetle, notwithstanding all that has been done to 
“suppress it, is still a pest of great importance. It is interesting as 
_the first known example of an insect native to our Western States 
_ being introduced eastward and thence practically all over our country 
and Canada (except on the Pacific coast) where potatoes are grown. 
: Inits early days as a migrant there seemed to have been no check to its 
eastward spread other than natural barriers, such as rivers and lakes 

and the Atlantic Ocean, but in the course of years numbers of nat- 
ural enemies—birds, mammals, and predatory and parasitic insects— 


«Formerly classified and better known as Doryphora 10-lineata Say. 
30546—No. 87—07 


have learned to attack it, and, in the case of the insects, they have 
multipled until now they are recognized as important factors in 
the control of the beetle. The species is interesting also as having 
led to the first use of an arsenical insecticide, Paris green, on edible 
plants. Fortunately, with a knowledge of the habits of this insect, 
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Fic. 2.—Section of potato plant showing Colorado potato beetle at work: a, Beetle; 0,0, 
egg masses; c,c, half-grown larve; d,d, mature larve. Somewhat enlarged (original). 


the use of arsenicals, and the friendly assistance of natural enemies, 
the grower may hold it in practical subjection. 


DESCRIPTIVE. 


The Colorado potato beetle is so well known that a description 
seems hardly necessary for most persons, but that there may be no 
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danger of confusing it with any related species or with beneficial 
Jadybirds, a few words of description may be given. 

The beetle (fig. 1, a; fig. 2, a) is of robust form, about three-eighths 
of an inch in length or a little more, and two-thirds as wide as long. 
It is ochreous yellow in color, and the wing-covers are ornamented 
with ten longitudinal black lines. The head is marked with a 
triangular black spot, and the thorax is dotted with ten or more 
irregular spots and other markings. The lower surface is also more 
or less marked with black, particularly the tarsi 
and knees. 

The larve (fig. 1, 6; fig. 2, ¢,c, d,d) are quite as 
well known as the beetles and are very commonly 
called “slugs.” They are dark Venetian red 
when first hatched, and as they approach maturity 
become paler. They are slimy, disgusting looking 
creatures, soft in texture, and from their peculiar 
coloration and appearance would not be readily 
handled by anyone without gloves. 

The pupa is red like the larva and looks as ® 
shown at ¢, figure 1, ier ee 

The eggs (fig. 2, 6,0) are orange colored and are ta), an ‘“‘old-fashioned 
dep osited in masses. ee eee 

As this beetle is sometimes confused with one or 
another of the “old-fashioned potato bugs” (blister beetles), a 
species of the latter is illustrated here for comparison (fig. 3). 


ORIGIN AND DISTRIBUTION. 


It has always been believed—and, the writer maintains, with rea- 
son, until the contrary can be proved beyond doubt—that the Colo- 
rado potato beetle, having become dispersed from Colorado as a start- 
ing point, originated as a species in that region. Dr. W. L. Tower, 
however, in a publication issued in 1906,¢ has assumed that this insect 
had the same origin as its principal wild food plant, Solanum rostra- 
tum, which he states is essentially tropical, and that the insect has 
followed the distribution of the plant from Mexico into Texas, New 
Mexico, and parts of Arizona. He also gives reasons for the belief 
‘that Leptinotarsa decemlineata has developed from L. “ intermedia 
Tower” after changing its habitat, the latter occurring in both 
Mexico and Texas, and the former not being found in Mexico at all, 
according to his experience. 


HISTORY OF THE INSECT’S SPREAD. 


The eastward dispersal of this potato beetle from what is generally 


considered its original home in the West is of peculiar interest. The 


' 


@An Investigation of Evolution in Chrysomelid Beetles of the Genus Lepti- 
notarsa, Carnegie Institution, Washington, D. C., pp. 23 et seq. 
KCiny Sia] 


+ 


beetle appears to have been first associated with injury to potato in 
1865. Forty-five years prior to that time it had been recognized as 
feeding on the sand bur, or beaked nightshade (Solanum rostratum 
Dunal.), a related solanaceous plant peculiar to the Rocky Mountain 
region. The beetle was described in 1824 by Thomas Say. With 
the advance of civilization westward and the cultivation of potato in 
the vicinity of its native home, the insect acquired the habit of feed- 
ing upon this more succulent plant, and about 1859 it had spread to 
the east as far as Nebraska. Two years afterwards it reached Kansas, 
and later Iowa, which it traversed in three or four years; so that by 
1864 or 1865 it had crossed the Mississippi River and invaded the 
western borders of Llinois. In its spread through Illinois it was de- 
scribed by Walsh as marching through that State “in many separate 
columns, just as Sherman marched to the sea; the southern columns of 
the grand army lagged far behind the northern columns.” By 1869 
it had found its way to Ohio, appearing almost simultaneously in the 
northern and western portions. During all this time, beginning with 
the year 1861, the insect had done considerable injury, and by 1870 it 
had become exceedingly destructive in the North and Middle West, 
and was continuing its eastward march at an increasing rate. It 
had now reached the Province of Ontario. By 1872 its depreda- 
tions in the West had noticeably abated, owing to the effectiveness of 
natural enemies and to the increasing use of Paris green. _ Its prog- 
ress eastward, however, continued, the northern columns becomin 
established in Pennsylvania and New York, the southern ones reach- 
ing Kentucky. The next year it made its first appearance in the Dis- 
trict of Columbia and West Virginia, and in 1874 it had reached 
the Atlantic seaboard and was reported from Connecticut to Mary- 
land and Virginia. 

By the centennial year (1876) the Colorado potato beetle hac 
spread over an area composing more than a third of the United 
States, so that it occupied at that time more or less completely the 
States of Colorado, Nebraska, Kansas, Minnesota, Iowa, Missouri, 
Wisconsin, Illinois, Michigan, Indiana, Ohio, Kentucky, the New Eng- 
land States, New York, New Jersey, Pennsylvania, Delaware, Mary 
land, Virginia, and West Virginia, and the District of Columbia, in 
none of which was it native except in the State first mentioned. At 
that time it occupied also portions of Wyoming and _ southern 
Dakota—where it was perhaps also native—and a considerable par 
of the more arable portions of eastern Canada. 

The farther spread of this insect, particularly southward, is of less 
interest and has, in many instances at least, been dependent more or 
less on the increased cultivation of the potato. The following addi- 
tional statements as to the insect’s progress are taken from dats 
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"collated mainly from the records of this office, some of which 
“are published more in detail by Tower. In 1877 the beetle ap- 
peared in North Carolina and Tennessee. The following year it 
was reported to be completely overrunning portions of Canada, 
being found eastward in New Brunswick. In 1879 it was recorded 
from Manitoba. In 1880 its presence was observed in Texas. Since 
about 1882 complaints of injuries have been made in Nova Scotia; 
min 1885, at Savannah, Ga.; in 1888, at Jackson, Miss.; and in 
Smith County, Tex. In 1892 the species had become abundant in 
Alabama, and was noticed also in South Carolina. The following 
year its occurrence was observed by H. G. Hubbard at Fort Assinni- 
boine, Mont., which is evidently the most northern limit of its original 
habitat, as it was not found there on potato. In succeeding years 
other localities were added in some of the States which have been 
mentioned, but little of positive interest adding to its known dis- 
tribution has been learned since 1893. It should be stated, however, 
that the species has been found at Jacksonville, Fla.; in southern 
Louisiana, and at San Antonio, Tex., but these extreme localities do 
not indicate permanent location. 


PRESENT DISTRIBUTION. 


The natural spread of the potato beetle southward increases from 
time to time, as evidenced by reports that reach this Department 
yearly. Undoubtedly, however, the extreme northern and southern 
territories which it invades do not become permanent habitats for the 
insect, the species dying out, mainly because of extremes of cold in 
the one case and of heat in the other, to be reintroduced in later years 
when conditions favor its multiplication and spread from other 
regions. 

It has been calculated that it increased its range from its original 
home to the Atlantic coast at an average annual rate of about 88 
miles. Its spread eastward was accomplished largely by flight, as 
the writer had occasion to observe when a resident of Cleveland in 
the early days of its invasion of northern Ohio. Great numbers of 
beetles were seen on bright days in spring and early summer, with 
outspread wings, being carried directly eastward by the winds. 

It has also been disseminated largely by railroads and by lake 
vessels, and has thus been able, through the direct agency of man, to 
cross the more barren plains bordering its native confines and the 
barriers made by large bodies of water. So it will be seen that the 
“winds and waters and eastbound trains have all aided in its dis- 
semination eastward. Riley, from whose works the present account 
of the early distribution of the insect has been taken, observed the 


———— es 


aL. ¢c, pp. 86-39. 
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beetles on Lake Erie in 1870 on various floating objects, and the 
writer in subsequent years saw the borders of the same lake lined for 
a foot and more with the hordes of these beetles that had been blown 
into the water and had then been cast up on the shore. 

Beginning with about 1880, it will be noticed, the Colorado beetle 
appeared in many potato fields of the Gulf region and elsewhere in 
the South. In certain localities, particularly in Alabama (where it 
was quite injurious for a time) and South Carolina, this insect seems 
to have disappeared, and little danger of continuous injury need be 
anticipated there, as invasions of extreme Lower Austral territory 
have thus far been merely sporadic appearances. Still, whenever 
atmospheric conditions favor, the species does temporary damage in 
such places, only to be killed down again for a number of years, after 
which the beetles reappear, sometimes invading new localities. It 
thus will be seen that it would be a somewhat difficult task to outline 
definitely the permanent distribution of this insect. It is nearly 
limited, however, as regards severe injuries to the country east of 
the Rocky Mountains, extending from the Lower Austral to the 
Transition life zone, and is likely any year to be injurious in extreme 
portions of this area. 

Injuries by this species in the potato section of Aroostook County 
in northern Maine are well known, and the region there, as well as are 
portions of Colorado, is credited to the Boreal life zone. From recent 
reports it is fair to say that the species is scarcely a pest at the pres- 
ent day in its original habitat nor in neighboring States, since during 
the last five years no reports of extensive injuries have been received 
from Colorado, Kansas,’ Nebraska, or South Dakota. It appears to 
be firmly established, however, in the States just west of the Missis- 
sippi River and from there eastward to Nova Scotia and New Bruns- 
wick and southward to the northern portions of the Gulf States. 


DISTRIBUTION LIMITED BY EXTREMES OF TEMPERATURE. 


Some of the conditions which prevent the too rapid multiplication 
and permanent establishment of the potato beetle are known. At St. 
Louis, Mo., is was noticed by Riley that during very hot, dry weather, 
as in 1868, this insect failed to go through its transformations in the 
eround, the latter becoming so hot and baked that the pupz dried 
out, and the beetle, if it succeeded in throwing off the pupal skin, 
failed to make its way to the surface. It was also noticed that the 
larvee frequently perished under the broiling sun when the ther- 


a@'These regions may in time be recognized as lying within the Transition zone. 

6 Report from Mr. Warren Knaus, dated May 18, 1907, states that this insect 
has appeared in great humbers in Kansas and threatens serious damage to young 
crops. 
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mometer ranged near 100° F. During the intense heat that prevailed 
during the summer of 1896 the writer noticed the same conditions in 
and near the District of Columbia, the eggs and larvee being literally 
dried up on the potato plants, and the species temporarily disap- 
pearing altogether. 

Northward the Colorado potato beetle is practically limited to 
the Transition zone, although it occasionally invades the Boreal 
zone, as, for example, in Colorado, where it has been found 8,000 
or more feet above sea level. Severe winter weather alone probably 
has little effect upon the insect, since it hibernates, as a rule, exclu- 
sively in the beetle state and deep in the ground. It is, moreover, 
one of our most hardy species, ranking with the hard-shelled snout- 
beetles in its resistance to cold and frost. Cold snaps, however, over- 
take the insect before it has sought out proper hibernating quarters, 
and when these occur it is doubtless killed off in great numbers. As 
was predicted years ago, the Rocky Mountains have proved an 
impassable barrier for this species, and the insect has not been able to 
reach the Pacific coast or neighboring States west of such barrier. 


INJURIES, LIFE HISTORY, AND HABITS. 
NATURE OF INJURY. 


A few remarks in regard to the nature of the injury inflicted by 
this insect are pertinent. Beetles and larvee are destructive in nearly 
equal proportions. In times of its early occurrence east of its origi- 
nal limit this insect not only caused the entire loss of crops, but some- 
times destroyed the potato yield of whole counties and of large por- 
tions of some States. Indeed, at one time it materially affected the 
market price of potatoes, not alone by reason of its direct depreda- 
tions, but in discouraging farmers from the cultivation of the potato 
on an extensive scale. Thus in 1873 the price per bushel at whole- 
sale in the St. Louis market reached the high figure of $2. At the 
present time, fortunately, every progressive grower recognizes the 
fact that the control of this species is a part of the necessary routine 
connected with the culture of this tuber. 

It was early recognized that the depredations of this insect ma- 
‘terially affected the quality of the tuber through the defoliation to 
which the vines were subjected, and it was at one time difficult to 
obtain potatoes that were not watery when cooked. This raises the 
question whether the very marked decrease in quality of potatoes in 
general at the present day is not due.directly to the many years in 
which the tubers have been deprived of due nourishment by more or 
less defoliation of the plant itself; for, despite all the remedial 
measures that are usually practiced, such as the liberal use of arsen- 
icals and “ bugging ” or jarring, a certain amount of injury nearly 
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always takes place, which can not fail to affect the tubers when it has — 


occurred practically without intermittence for periods of from twenty 
to forty years. 
FOOD PLANTS. 


A wild species of Solanum (rostratum, and perhaps also cornutum) 
is an original food plant of this potato beetle, and the latter is proba- 


: 


bly incapable of developing for any number of generations on plants | 


other than those of the potato or nightshade family (Solanacee). 


The genus Solanum is preferred, and the potato, because of its greater 
succulence and less acrid taste, is now chosen in preference to plants 
that grow wild. Still, the insect is nearly always found where its 
wild food plants grow, particularly where poisons or repellents are 
used in near-by gardens. It feeds on practically all solanaceous 
plants, including eggplant, tomato, tobacco, ground cherry (Physa- 
hs), thorn apple, and Jamestown weed (Datura), henbane (Hyoscya- 
mus), belladonna, petunia, and pepper. The last is not often at- 
tacked, nor are the other plants of different genera from the potato, 
under ordinary circumstances. Occasionally, when none of these 
are to be had, the insect will feed on certain weeds and garden plants, 
among which are cabbage, thistle, and mullein. 


It was long ago ascertained that the tender-leaved varieties of 


potato are most affected, while other kinds, with less tender foliage, 
such as Peach Blow and Early Rose, are comparatively immune, more 
particularly when growing in the same field with the preferred 
variety. Even eggplant seems to be preferred to certain varieties of 
potato, and is consequently damaged at times, and tomatoes are sub- 
ject to injury when the foliage of potato is not available. 


GENERATIONS. 


The normal number of generations of the Colorado potato beetle 
is evidently two. In fact Tower” has observed that this number 
in both temperate and tropical latitudes is a remarkably constant 
generic character. In the course of his investigations he has not 
been able to get the present species to breed more than twice in 
a season without a period of hibernation or estivation. Person- 
ally the writer has never observed more than two generations in 
the District of Columbia. Years ago, however, Riley made the 
positive statement that this species is three-brooded in Missouri,’ and 
Lugger has made the same statement in regard to its development in 
Minnesota. Dr. J. B. Smith claims two generations. in New Jersey, 


aLoce. cit., p. 243. 
b First Annual Report State Entomologist Missouri, 1869, p. 107. 
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with sometimes a third partial generation which hibernates in the 
pupal condition. Considering the fact that this species has invaded 
new territory and does not live an entirely natural life, having an 
abundance of food and not being restricted to its single normal plant. 
it certainly seems possible that a third generation might be produced 
in an exceptionally warm and humid season, and especially in the 
most southern localities where it has become established. 


LIFE HISTORY. 


Hibernation takes place in the beetle stage, under the ground, some- 
times to a considerable depth, the beetles having been unearthed from 
a few inches to several feet beneath the surface. As a rule, however, 
they do not penetrate deeper than 8 or 10 inches. Exceptionally the 
beetles winter over in rubbish. 

The beetles make their initial appearance quite early in spring, at 
times issuing from their hibernating quarters soon after the first 
thaw. At this season they fly readily during the more heated por- 
tions of the warmer days, and make aerial journeys of considerable 
extent. “In flight, the striped elytra are raised and held motionless 
from the thorax, while the gauzy wings, unfolded and vibrating, 
strike pleasantly on the eye as the sun intensifies their rosy hues.” 
These flights frequently take place before there are any potato plants 
for the insect to feed upon, so that as soon as the leaves begin to push 
their way through the ground the beetles are in readiness for the 
feast. After a few days of feeding the females deposit their eggs. 

The eggs are laid mostly on the under surface of the leaves, and 
they hatch in from four days to a week or a little later, according to 
temperature. In from sixteen days to three weeks the larvee usually 
attain maturity. They pass through four stages or instars,¢ then 
descend into the earth and undergo transformation to pupe and sub- 
sequently to beetles, in cells which the larvae form for the purpose. 
The minimum period of the pupal.stage observed at Washington, 
D. C., in August, 1906, in a very high temperature with correspond- 
ing humidity, was seven days. This will be two weeks to a little 
longer in a lower temperature. The insect is to be found in prac- 
tically all stages, and particularly as beetles, during the summer 
months or as long as any solanaceous plants are available as food. 
It has been learned that the eggs continue developing in the ovaries 
during a period of about thirty-five or forty days, and it is probable 
that this species, in common with some others, has the ability of 
retaining the eggs until a suitable place has been offered for their 


“Observed by Messrs. A. A. Girault and A. H. Rosenfeld at Myrtle, Ga., in 
May and June, 1906. 
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deposition. A single female is said to be capable of producing from 
five hundred to a thousand eggs. Five hundred and twenty-five were 
observed by Girault and Rosenfeld in the case of one female, laid in 
masses of from 9 to 53, from May 21 to June 5. 

The entire life cycle from egg to adult may be passed in about four 
weeks. The beetles of the last generation issue early in autumn, feed) 
for another three or four weeks, and then enter the earth for hiberna-. 
tion. 


NATURAL ENEMIES. 


It has already been stated that atmospheric conditions, with the’ 
exception of extreme heat in its more southerly range, are not espe- 
cially important factors in the repression of 
this species; hence its fluctuation in num- 
bers, which is noticeable at least locally 
every season, must be accounted for by the 
activity of its insect enemies, the numbers 
of which are legion. Several groups of these 
enemies are known, each of which contains, 
as a rule, many species. Among the most 
important are 


: i 
Fic. 4.—A ladybird (Hippodamia ladybirds, ee 
convergens) which preys on the COMMON species of 


RE cateeteauen eee which, in both 
their larval and 

adult stages, prey upon the potato beetle, 
destroying great numbers of its eggs and 
young larve. One of the commonest of 
these ladybirds is illustrated for compari- 
son with the Colorado beetle by figure 4. Fie. 5.—Lebia grandis, an imped 
Several ground-beetles,” also of predaceous Lol ae ae | 
habits, attack and devour the larve of this iy | 
potato beetle, and of these the so-called great Lebia (Lebia grandis 
Hentz, fig. 5) is particularly attached to this species, following 
it wherever it goes and doing perhaps more effective service than 
any single natural enemy of which we have knowledge. Sev- 
eral soldier-bugs also attack it, one of which, the spined soldier- 


«The ladybird enemies of this species are: Coccinella 9-notata Hbst., C. san 
guinea L., Megilla maculata DeG., Hippodamia convergens Guér., H. 13-punc: 
tata L., H. glacialis Fab., Anatis 15-punctata Ol. (ocellata), and Chilocorus 
bivulnerus Muls. 

6 Carabid enemies include the great Lebia (Lebia grandis Hentz), the fiery 
ground beetle (Calosoma calidum Fab.), Pasimachus elongatus Lec., Harpalus 
caliginosus Fab., Lebia atriventris Say, and Brachynus kansanus Lee. 


[Cir. 87] 


11 


bug,’ is illustrated at figure 6. Other natural enemies are robber 
flies,” spiders, and a tachina fly.” This last develops within the body 
of the potato beetle larva and has been observed so abundant in 
potato fields that its buzzing resembled the noise made by the swarm- 
ing of bees. Wasps of some species attack the larve, and the rust- 
red social wasp” has been seen carrying them to provision its nest. 
Not infrequently the beetle is found partly covered by dull, yellowish, 
rounded mites. These are external parasites ° and help somewhat in 
reducing their hosts. A species of daddy-long-legs is also a natural 
-enemy.! 

Other predatory insects include a tiger beetle (Zetracha virginica 
L.) and two rove-beetles (Philonthus apicalis Say and Quedius molo- 
chinus Grav.). Most of the species listed above have been recorded 
by Riley, but many have also been observed independently by others, 
and correspondents | 
of this Bureau fre- 
quently call atten- 
tion to the com- 
moner forms. 

Thus far only in- 
sect foes of the po- 
tato beetle have 
been discussed, but 
certain mammals, 
birds, amphibians 
or batrachians, and 
reptiles are well- 
known enemies. 


One of the most im- 


portant of the birds F!G. 6.—The spined soldier-bug (Podisus maculiventris): Adult at left, 
nymph at right. Much enlarged (original). 


is the rose-breasted 
grosbeak, whose services as an enemy of this beetle have been little 
appreciated until comparatively recent times. The bobwhite or quail 2 


“The soldier-bugs include Pedisus maculiventris Say [spinosus], P. cynicus 
Say, the bordered soldier-bug (Stiretrus anchorago Fab., Perillus circumcinctus 
Stal., P. claudus Say, Milyas cinctus Fab., and Sinea diadema Fab. These com- 
monly attack the larval potato beetle. Nezara hilaris Say and EHuschistus va- 
riolarius Beauv. are said to have the same habit, but can not be important 
enemies, as they are naturally herbivorous. 

5 Proctacanthus milbertii Macq. 

¢ Phorocera (Lydella) doryphore Riley. 

4 Polistes rubiginosus Lep. P. pallipes Lep. is said to have the same habit. 

€The most abundant of these is Uropoda americana Riley. 

f Liobunum (Phalangium) dorsatum Say. 

9This bird is one of the most important enemies of an equally destructive 
Species, the chinch bug. 
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also does excellent service and destroys many. Other birds which are © 
known to eat the potato beetle, on the authority of the Biological | 
Survey, are the following: Ruffed grouse, nighthawk, cuckoo, scarlet — 
tanager, the wood, hermit, and olive-backed thrushes, and robin. — 
The crow not only picks beetles from the vines, but digs them from 
the earth. The cardinal is a well-known potato-beetle destroyer, and 
even the English sparrow has been seen to eat them. 

Domestic fowls are of some assistance in destroying this pest, and 
of these the duck early took to this insect, which is distasteful to some 
other fowls. For some time after the spread of the Colorado beetle 
to new territory chickens did not attack it, presumably because it has, 
in common with many other leaf-beetles, a nauseous taste. For sev- 
eral years, indeed, 1t was believed to be actually poisonous. After a 
time, however, chickens became better acquainted with this insect 
and began devouring its eggs and afterwards the larve, finally eating 
the beetles with apparent relish. Skunks and snakes are reported to 
eat the beetles, and toads frequently gorge on them. 


METHODS OF CONTROL. 


This species is not a difficult one to control, no other method being 
necessary for its destruction than the free use of an arsenical or 
mechanical means. Before taking up the remedies that may be most 
profitably employed, it may be well to preface with the statement that 
an arsenical liquid spray is preferred, and that dry arsenicals, hand- 
picking, and jarring are practicable only on a small scale where the 
grower has no spraying outfit, and occasionally when infestation is 
slight and limited to a small area. Every market gardener should he 
equipped with a good spraying outfit. 


MECHANICAL METHODS. 


Jarring, if employed early in the season, is of considerable value. 
It is a time-worn remedy and so well known as scarcely to need 
description. It 1s customary in many localities to gather the beetles 
and their larve in pans containing a lttle water on which a very 
thin scum of kerosene is floating. Large shallow milk pans are excel- 
lent for this purpose. At the same time the egg masses should be 
picked where seen. Numerous appliances have been invented and 
some patented for destroying this pest, but the arsenicals are so 
effective that other remedies are really not necessary. 

Brushing.—The susceptibility of potato-beetle larve to extreme 
heat, as has already been recounted, indicates that a remedy much in 
vogue against the asparagus beetle, namely, the mere brushing of the 
larve from the plants on an extremely hot and dry day, will be effect- 
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ive. So far as the writer knows, however, this has never been given 
_a thorough trial for the potato beetle. It should be tested. 

Fall and spring plowing are of value in a general way, as for 
other insects which pass the winter in the earth, but they are by 
/no means perfect measures, as the beetles are hardy and not much 
affected by this treatment. 

| ARSENICALS. 


Arsenicals are the best remedies for the Colorado potato beetle, 
and on small potato patches Paris green is usually applied dry, mixed 
with flour; but, as previously stated, it is best used as a spray. 
Where early hand methods have been employed, thorough treatment 
with an arsenical should follow. 

Paris green, dry.—When appled dry, Paris green is mixed with 
from 10 to 20 parts of cheap dry flour, sifted land plaster, or fresh 
air-slaked lime. This remedy affords best results early in the sea- 
son on young plants. It should be dusted on preferably when the 
dew is on and by means of powder guns or bellows, or the so-called 
“ dust-spray ” machines, so as to cover the plants and leave as little 
surface as possible for food for the first-appearing beetles. In spite 
of this, however, some beetles will succeed in depositing their eggs on 
the lower surface, which is difficult to reach with a dry mixture, and 
when the larve hatch another application must be made. In fact this 
remedy must be used for some time or until the plants obtain a fair 
growth, when spraying will be found more effective. 

The Paris green spray 1s prepared by mixing the arsenical with 
water or Bordeaux mixture“ at the rate of 1 pound of poison to 75 
to 125 gallons of the diluent. If water alone is used, quicklime 
in about the same proportion as the poison should be added to 
prevent scorching. For the proper mixing and application of this 
spray a bucket pump or knapsack sprayer of good quality is suffi- 
cient for use in small gardens, but on a larger scale a potato sprayer 
to be drawn by one or two horses through the rows of plants is 
necessary. With the latter, from two to six rows can be treated at 
atime. Special four and six row potato sprayers are on the market. 
The Paris green should be mixed with a small quantity of water into 
a thin paste before the bulk of water is added and should then be 
thoroughly blended by churning in the force pump or sprayer. The 
mixture, being a mechanical one, is not constant, and the Paris green . 
will sink to the bottom. To avoid this it must be stirred constantly 
while being applied. It is advisable to use the Bordeaux mixture as a 
diluent, as this is a valuable insect repellent as well as a standard 


a Directions for the preparation of this fungicide and the arsenicals here dis- 
cussed are given in Farmers’ Bulletin 127, U. S. Department of Agriculture, 
which can be obtained on application to this office. 
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fungicide, and it operates also against different forms of blight and 
other diseases which may threaten the crop. 

Arsenate of lead serves the same purpose as Paris green, and for 
use against the Colorado potato beetle is still more valuable. Com- 
plaints have been made that several applications of Paris green are 
necessary during the season, and extra doses are required after each 
rain. Arsenate of lead is applied in practically the same manner as 
Paris green, but it contains less poisonous arsenical (60 to 70 per 
cent when dry), and being sold usually in the form of a paste it 
is used at a considerably greater strength—i. e., about 1 pound com- 
bined with 15 to 25 gallons of water or Bordeaux mixture. Being 
more adhesive, it adheres more firmly to the leafage and is much less | 
likely to produce scorching.“ Its adhesiveness is still more enhanced | 
by the addition of about the same amount, by weight, of resin fish-oil 
soap as of the arsenical used. 

The number of sprayings to be applied will depend somewhat upon 
local and seasonal conditions. Two or three will ordinarily suffice 
for the spring brood, especially if applied just after the eggs have 
hatched, and the same number should be applied for the second 
generation. 

Other arsenicals may be used if preferred. Among: these are ar- 
senite of lime with soda, which has the merit of being as efficient as | 
Paris green and lime and far cheaper. It is not on sale at the present 
time ready made, like arsenate of lead. Scheele’s green, similar to _ 
Paris green, is employed in the same way as the latter. 

Summary.—To sum up the directions for the use of arsenicals, it | 
should be said that arsenate of lead, because it can be purchased 
already combined, in paste form, which is preferable, takes first place, 
in the writer’s opinion, as a potato-beetle insecticide. The mixture of 
Paris green, lime, and water is in nearly the same class, because the 
ingredients can be purchased anywhere. The dry Paris green mixed 
with air-slaked lime properly comes last, as it is less effective than 
the other mixtures and much of the material is wasted. 

Precautions to prevent poisoning.—In the use of arsenicals, as well 
as other poisons, care should always be taken to avoid accident. This 
can be best accomplished by plainly marking the contents on all 
receptacles, such as bottles or packages, in which the poison is kept. 
_In addition a “ POISON ” label, which can be obtained of any drug- 
gist, should be affixed. It is best also to keep such substances under | 
lock and key. The utensils employed in the preparation of the mix- 
tures which have been discussed should be thoroughly cleaned after 
use. 


a@Jn point of fact it can be used at the rate of 1 pound to 10 gallons without © 

injury, but this proportion is not advisable, owing to the extra cost, and scorch- — 

ing would be apt to follow its use on plants exposed to hot sunlight. 
[Cir. 87] 


It is always wisdom on the part of the agriculturist to keep down 
the weeds on the farm, and in the treatment of the present insect if 
those weeds which are known to furnish it with food, such as sand- 
‘bur and Jamestown weed, were cut just before seeding, it would pre- 
“vent the overdevelopment of the pest and of other insects which feed 
on the weeds, as well as the weeds themselves. The farmer should 
‘familiarize himself with the wild food plants of this pest. 

Keeping the potato patch and, in fact, the entire farm as free as 
possible from solanaceous weeds should be practiced by all farmers of 
a neighborhood, and if the potato grower could secure the cooperation 
jof his neighbors in the use of an arsenical spray, and would also de- 
istroy the insects by spraying infested wild food plants, the effect 
would soon be noticeable, as there can be no doubt that the species 
. . . . 
wwould soon be reduced to small numbers, at least in limited areas, if 
this cooperation were thorough and persistent. This statement is 
based on the fact that the beetles are seldom if ever seen migrating 
nowadays in any such numbers as in earlier years, and there is not 
therefore the constant danger of reinfestation from a distance as was 
formerly the case. There may, of course, be occasional exceptions. 

Finally, as a general proposition, the potato grower should keep 
his potatoes free from diseases, such as wilt and scab, and spray 
for flea-beetles and any other insects which may be found in addition 
to the Colorado beetle. He should also pay particular attention to 
the methods of growing best adapted for his location. Information 
in regard to the methods of potato culture is furnished in Farmers’ 
Bulletin No. 35, U. S. Department of Agriculture, and potato dis- 
eases and their treatment are considered in Farmers’ Bulletin No. 91. 
Both of these publications can be had on application to the Secretary 
of Agriculture. 
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i ERADICATION OF WEEDS AND COOPERATION. 
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Approved : 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., April 10, 1907. 
[Cir. 87] 
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| ; THE TERRAPIN SCALE. 
(Mulecanium nigrofasciatum Pergande. ) 


By J. G. SAnpers, Assistant. 


From every State east of the Mississippi River, and from Missouri, 
irkansas, Louisiana, Tex- 
mus, Minnesota, and the 
Province of Ontario, Can- 
da, the terrapin scale has 
een reported and authen- 
ic specimens haye been 
eceived by this Office. It 
s noteworthy that this spe- 
ies of scale, more conspic- 
uously marked than any 
other of the genus, is the 
most generally injurious 
one. In consequence of its 
wide range of food plants, 
including both wild and 
cultivated trees, it must be 
considered a dangerous 
pest, which may be con- 
trolled but -never eradi- 
cated. 

This scale insect can be 
recognized and_ identified 
especially well in the hiber- 
nating winter stage (fig. 1), 
when it appears as a red- 

dish hemispherical scale 2 

mm. in length, mottled 

with radiating streaks of 

black which are especially oe a 

conspicuous about the mar- Fic. 1.—Terrapin seale (Lulecanium nigrofasciatum). Adult 

gin. Sometimes these radi- females on twig of peach. Enlarged about three times 
geene streaks coalesce, le 
_ forming a subdorsal dark band surrounding the central reddish boss. 
Occasionally individuals are found which are entirely red or black. 
29931—No. 88—07 
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Although this species was not described until 1898,¢ the describer, 
Mr. Theodore Pergande, of this Office, had known it since 1872, when 
it was found upon peach trees at Hillsboro, Mo. 


FOOD PLANTS. 


a 


For many years the terrapin scale has been considered a specific) 
enemy of the peach and has been confounded by many entomologists . 
and others with Hulecanium persice (Fab.), the preeminent peach soft 
scale of Europe. At present we know it as infesting a large number 
of host plants, including many varieties of peach and cultivated plum; 
various species of wild plums and cherries; Prunus simonii; aaa 
pear; quince; several species of Crataegus; three species of maple, par-_ 
ticularly Acer saecharinum,; oriental and western sycamores; Carolina — 
poplar; olive; blueberry (Vacern/um sp.);. Bumelia, and spice bush | 
(Benzorn benzoin). 3 


DESCRIPTION. } 


The following technical description is inserted to facilitate the deter- 
mination of this species by entomologists, or anyone who may have — 
access to a compound microscope. 


Adult female (fig. 2).—Nearly hemispherical, small, length 3 to 3.5 mm., exhibiting 
many of the superficial characters of the hibernating form described above, though 
showing a tendency to fade rapidly after oviposition until by the 
autumn she is plain dull yellow or terra-cotta color. Fresh 
unrubbed specimens are covered by a thin glassy secretion of wax 
which scales off readily. When cleared by boiling in a solution 
of potassium hydroxid, the derm is left quite colorless, excepting 
the brown chitinized anal lobes and a narrow chitinized area 
surrounding the lobes. Antenne (fig. 3, b) composed of six 
: . segments; segment 3, which occasionally shows a pseudo-joint, is 
Ea aie equal in length to 4, 5, and 6 together; next in order of length 
nigrofasciatum); come segments 2 and 1 in order. The antenne exhibit the ordi- 
Adult female. nary cheetotaxy. Legs well developed; tibia slightly longer than 
eases (after tarsus, bearing a pair of long, knobbed tarsal digitules and a pair — 
of long expanded ungual digitules. There are irregular rows of 
many pores leading from the spiracles to the spiracular spines (fig. 3, c) on the 
margin of the body. The median spiracular spine of each group is robust and about 
50 min. long, three times the length of the two shorter spines; marginal spines 
(fig. 3, d) slender, about equidistant, except four, which are closely crowded at the 
anterior median point. ; 
The distinguishing microscopical characteristic of this species is the irregular single 
or double mid-dorsal row of 25 to 40 low, subconical appendages (fig. 3, e), appearing 
like pores, extending from near the anal lobes to nearly above the sucking mouth- 
parts. These pores are usually quite evident in a mounted specimen and serve to 
separate this species surely from all others. The thick anal plates (fig. 3, a) are 
quite symmetrical, somewhat longer than broad, with the posterior lateral margin 
rounded and thickened. Each plate bears two minute apical and two subapical 


¢ Bul. 18, n. s., Diy. Ent., U>S. Dept. Agric:, pp! 26-29. 
[Cir. 88] 


onger setz. There are four fringe sete, the inner pair about one-half the size of 
he outer pair. 

Male.—The male of this species is a minute, delicate, two-winged insect which 
ppears about August 1. The filmy, iridescent wings have an expanse of about 4mm. 
‘he body is rose-red, with some dark markings and a heavy brown thoracic band. 

This species should not be confounded with /udecantum prunastré 
Fonsc.), a small, very convex, dark-red, shining species, which has a 
roup of many (200 to 300) pores with interspersed spines, extending 
rom the anal lobes to near the anterior margin; the spiracular spines 
re nearly uniform in length, being scarcely longer than the marginak 
pines. The latter species was first recorded from the United States 
n November, 1894, when it was sent to this Office from Columbia, Pa., 
n plum twigs. Europe is its original home, whence it must have 
een exported to the United States on nursery stock or cuttings. 


1G. 3.—Terrapin seale (Hulecanium nigrofascia wn): a, Anal lobes and surrounding chitinous area; 
b, antenna; c, spiracular spines; d, marginal spines; ¢, conical, compound pore. All greatly 
enharged (origmal). 


PARASITES. 


Very small, parasitic four-winged fltes of the genus Coccophagus, 
amily Chaleididee, are our greatest benefactors in the control of this 
cale insect. 

REMEDIES. 


Unfortunately the lime-sulphur wash, which is such an excellent 
emedy for the San Jose scale and which at the same time controls the 
each leaf-curl, is worthless for treating the terrapin scale. Numerous 
xperiments in the use of the lime-sulphur wash against this scale on 
arious host plants have produced only negative results. 

[Cir. 88] 


Kerosene emulsion has proyed to be the most effective remedy fo: 
the control of this pest. This emulsion, when properly made accord 
ing to the formula below, can be sprayed with safety on any tree dui 
ing the dormant period—in winter or early spring before the buds 
open—at a strength of 20 to 25 per cent. A nozzle throwing a fine 
spray should be used. Care should always be exercised to prevent the 
liquid from running down the trunk of the tree and collecting about 
the roots, as the oil, which will be retained by the soil around the roots 
for an indefinite period, might seriously injure or kill the tree. ; 


KEROSENE EMULSION, 
Stock solution (66 per cent oil). 


Kerosene (coal-oil; Jamp-oil).. 222. 2 2 2eo ees hs oe ee ee 


r 
D 


Whale-ou ‘or laundry soap’ (ort - quart soit soapi) so aioe as eo er ee pound... ? 
W ether 2 is Sa ese ON eS Oe a Saal sn gallon. .— 

Dissolve the soap in boiling water, then remove from the fire, add the 
kerosene immediately and thoroughly agitate the mixture untila creamy 
solution is obtained. This can be done by pouring the mixture inte 
the tank of a spray-pump ind pumping the liquid through the nozzle 
back into the’ tank. This is a stock solution which must be dilute 
before using. In order to make a 20 per cent emulsion, add to eaé 
gallon of the stock solution about 24 gallons of water and agitate thor 
oughly before using. For a 25 per cent solution add to each gallon of 
the stock sobution 13 gallons of water and agitate thoroughly. This 
strength will kill a large percentage of the hibernating females, witl 
out injury to the trees. | 

If a good naphtha soap can be obtained the preparation of the em 
sion will be simplified. It will be unnecessary to heat the solution, 
since the kerosene will combine readily with the naphtha and soap at 
form a perfect, cold, milky-white emulsion when the mixture is thor- 
oughly agitated. If naphtha soap is used, double the amount called 
for by the formula, and emulsify in soft (rain) water. : i 


Approved: 
JAMES .WIrSON,~  * é 
Secretary of Agriculture. 
WasHineton, D: C., April 3, 1907. 
[Cir, 88] - 
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CIRCULAR No. 89. Issued May 14, 1907. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE PERIODICAL CICADA IN 1907. 


(Tibicen septendecim L., race tredecim Walsh- Riley.) 


sy C. L. MARLATT, 
Entomologist and Acting Chief in Absence of Chief. 


This is a circular of inquiry concerning the brood of the periodical 
jicada or “‘locust”’ (fig. 1) which will occur in May and June of this year 
4oroughout the Southern States east of Texas, except Florida, northward 


‘owa, and over most of 
fentral and _ southern 
‘llinois and extreme 
outhwestern Indiana. 
“his brood covers also 
‘vestern Kentucky and 
nore or less of Tennes- 
ee, with extensions 
northeastward —_ across 
he Carolinas into Vir- 
nia. A doubtful record 
s known from the Rio 
srande in the region of 


Fig. 1.—The periodical cicada (Tibicen septendecim): a, 
al Paso, Tex., but no adult; b, same, side view; c, shed pupal skin. Natu- 


ral size (author’s illustration). 
other records have been ) 


»ybtained for this State, and the E] Paso record is therefore open to some 
juestion. 

, The Bureau of Entomology wishes to obtain a complete record of 
the distribution of this important brood this year, and therefore a reply 
‘zard is sent with this circular, on which the information relating to its 
occurrence in each district may be indicated. It is hoped that every 
lrecipient of this circular and reply card will keep the matter in mind, 
fill out the card as indicated, and return it to this office. A negative 
record is often quite as valuable as one of actual occurrence. The card 
should be filled out with the name of the locality, including the State, 
county, and town, the name of the observer, and the date. Space is 
‘left at the bottom of the card for a note on any features of interest, and 
the information given. should include the date of first appearance or 
‘emergence of the cicada, the date of its general disappearance, and the 
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numbers—in other words, whether very numerous or scattering, or 
whether only a few individuals occur. No postage is necessary on this 
card. | 

The cicadas or “‘locusts’’ will appear between the middle and end of 
May—later in the northern range of the brood and perhaps a little 
earlier in the southern range. Records of scattering occurrence after 
the middle of June may apply to other species of cicadas which occur 
every year, and in any doubtful case it will be just as well to send 
specimens for determination. 

It is especially desirable to have the wooded river bottoms of south 
eastern Texas and of the Rio Grande examined for the possible occur- 
rence of this insect, and also Indian Territory, Oklahoma, and south- 
eastern Kansas, to determine more accurately than is now known i: 
western limits of this brood. 

The brood of this year is the largest of the thirteen-year broods of thil 
curious insect. The first record of it relates to its occurrence in 1803, an 
it has been recorded at every thirteen-year period since that year to the 
date of last appearance, in 1894. A great many records have already 
been obtained on the various years when it appeared, and notably on 
the last three return periods; but in all the recent instances when it has 
been studied carefully it has come in conjunction with some brood of 
the northern seventeen-year race, and there has been some overlapping 
of territory. Necessarily, therefore, there exists some uncertainty as to 
the records falling in territory covered by both races. In 1907 this 
thirteen-year brood will occur without any northern or seventeen-year 
brood, and all of the records can probably be safely assigned to the 
former, so that it should be possible this year to clear up any uncer- 
tainty as to distribution. 

The accompanying map (fig. 2) showing the distribution of the brood 
is the one published in Bulletin No. 14, which gives a general account 
of the periodical cicada. Since the publication of this bulletin a good 
many new records not indicated on the map have been obtained for this 
brood. All the State and county occurrences now recorded are given in 
the list below. The map, however, indicates the substantial distribu- 
tion, as most of the new records fall within those plotted on the map. 

Its present limits are as follows: 


Alabama.—Autauga, Blount, Bullock, Cherokee, Colbert, Cullman, Dallas, 
Dekalb, Elmore, Etowah, Franklin, Hale, Jackson, Jefferson, Lamar, Lauder- 
dale, Lowndes, Macon, Marengo, Mobile, Montgomery, Perry, Randolph, Rus- 
sell, St. Clair. 

Arkansas.—Baxter, Benton, Boone, Carroll, Clark, Clay, Conway, Crawford, 
Drew, Franklin, Fulton, Garland, Grant, Greene, Hempstead, Hot Spring, 
Izard, Johnson, Lawrence, Logan, Lonoke, Madison, Marion, Newton, Prairie, 
Pulaski, Randolph, Searcy, Sebastian, Sharp, Stone, Van Buren, Washington, 
White. 

Georgia.—Campbell, Catoosa, Chattooga, Cherokee, Fulton, Harris, Houston, 
Pike, Rabun, Richmond, Walker. 
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» Tllinois.—Adams, Bond, Cass, Champaign, Christian, Clark, Clay, Clinton, 
oles, Crawford, Cumberland, Douglas, Edgar, Edwards, Effingham, Franklin, 
Gallatin, Greene, Hamilton, Hancock, Hardin, Iroquois, Jasper, Jefferson, Jer- 
sey, Johnson, Lawrence, Livingston, McLean, Macon, Macoupin, Madison, 
‘Marion, Massac, Monroe, Montgomery, Morgan, Perry, Piatt, Pike, Pope, Ran- 
Jolph, Richland, St. Clair, Saline, Sangamon, Scott, Shelby, Union, Vermilion, 
Wabash, Washington, Wayne, White, Williamson. 
’ Indiana.—Vanderburg. 

Indian Territory.—Choctaw, Creek. 

Iowa.—Lee. 

Kentucky.—Carlisle, Graves, Lyon, McCracken, Marshall. 

Louisiana.—Bossier, Caddo, Claiborne, Morehouse, Washington. 

Mississippi.—Attala, Carroll, Clarke, Copiah, Franklin, Jasper, Lauderdale, 
Leake, Madison, Monroe, Oktibbeha, Webster. 


Fia. 2.—Map showing distribution of Brood XIX, 1907. 


Missourt.—Audrain, Barry, Barton, Benton, Bollinger, Boone, Butler, Calla- 
way, Cedar, Chariton, Clark, Cole, Cooper, Dade, Dallas, Douglas, Franklin, 
Gasconade, Greene, Henry, Howard, Iron, Jasper, Jefferson, Knox, Laclede, 
Lawrence, Lewis, Linn, Livingston, McDonald, Macon, Madison, Marion, Moni- 
teau, Monroe, Morgan, Newton, Oregon, Pettis, Phelps, Pike, Polk, Pulaski, 
Ralls, Randolph, Ripley, St. Charles, St. Clair, St. Francois, St. Louis, Saline, 
Schuyler, Scotland, Shannon, Stoddard, Stone, Warren, Washington, Webster, 
Wright. 
_ North Carolina.—Caldwell, Cherokee, Clay, Davie, Graham, Granville, Hay- 
wood, Iredell, Macon, Madison, Mecklenburg, Moore, Swain, Wake, Wilkes. 

Oklahoma -Territory.—Payne. 

South Carolina.—Aiken, Anderson, Chester, Greenville, Laurens, Oconee, 
Orangeburg, Pickens, Spartanburg, Union, York. 


blen, Hamilton, Hickman (?), Jefferson, Knox, Lawrence, McMinn, Mar’ 
Monroe, Montgomery, Rutherford, Sevier, Stewart, Wayne, Williamson, Wil: | 


Texas.—El Paso (?). 


Virginia.—Brunswick, Halifax, Hanover, Prince George. 
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Fig. 3.—Egg punctures of the periodical 
cicada: a, twig showing recent punc- 
tures, from front and side, and illus- 
trating manner of breaking; b, twig 
showing older punctures, with re- 
traction of bark and more fully dis- 
playing the arrangement of fibers. 
Natural size (after Riley). 
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Tennessee.—Bedford, Blount, Cocke, Davidson, Gibson, Giles, Greene, Hi. . 
GENERAL CONSIDERATIONS. 
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The periodical cicada is so well kno 
that a general account of it in this plac. 
unnecessary. When it appears in gre i 
numbers it naturally causes considera’ 
alarm and arouses fears for the safety ~ 
shade trees and orchards. The acti> 
damage, however, is ‘usually slight, exce)! | 
in the case of newly planted orchards, ar) 
even here, by vigorous pruning back afte: __ 
the cicada has disappeared, much of the 
injury caused by the egg punctures (fig. 8) 
can be obviated. ry 

Ordinary repellent substances, such as 
kerosene emulsion or carbolic acid so!u- 
tions, seem to have very little effect in pr 
venting the oviposition of these insects. | 
Some recent experience, however, indi- ~ 
cates that trees thoroughly sprayed with | 
Bordeaux mixture or a lime wash are apt 
to be avoided by the cicada, especially i 
there are other trees or woods in the neigh- 
borhood on which they can oviposit. " ic 
most reliable means of protecting nurser es . 
and young orchards is by collecting th 
insects in bags or umbrellas from the tre: 
in early morning or late evening, wh if 
they are somewhat torpid. Such collie A 
tions should be undertaken at the fim: 
appearance of the cicada and repeaie — 
each day. 

It is hoped that everyone who receive 


a 


this circular will keep a sharp lookout for swarms of this brood of cicad 
and assist the Bureau in fixing its range accurately by sending expli™ 


information. 


Approved : 


JAMES WILSON, Secretary of Agriculture. 


WASHINGTON, D. C., April 23, 1907. 
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An 3 end HeiVERSITY of ILLINGHS. 
Properly of the Uniiad States Government 
CIRCULAR No. 90. Issued June 18, 1907. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE WHITE-PINE WEEVIL.! 


By A. D. HOPKINS, 
In Charge of Forest Insect Investigations. 


The Bureau of Entomology has been conducting systematic and eco- 
comic investigations of the weevils infesting the bark of the trunk and 
erminal shoots of conifers in the United States, the results of which will be 
ublished in the regular technical and popular bulletins; but since 


1G. 1.—White-pine weevil (Pissodes strobi): a, Adult, smaller figure natural size; Db, larva, line at 
left natural length; c, pupa, small figure of adult showing natural size. (Original.) 
hese can not be issued in time to be of service this season, this circular 
1as been prepared to give the information which is of immediate prac- 
‘ 4 . . . ° . 
‘cal importance in regard to one of the most destructive of these weevils. 


THE INSECT AND ITS HABITS. om 


The white-pine weevil is a somewhat elongate, brownish snout beetle, 
to 5 mm. in length, having the thorax and elytra marked with irreg- 
lar spots of brown and white scales (fig. 1, a). The winter is passed 
1 the adult stage, evidently in the ground. The beetles come out of 
heir winter quarters and fly early in May, and after feeding for a few 
lays on the bark of the living white-pine terminal shoots deposit their 


! Pissodes strobi Peck; Order Coleoptera, Family Curculionidee. 


placing one or two eggs in a pit or cavity in the inner bark made by. 


Fig. 2.—White-pine weevil: Newly hatched larvee 
at work in vigorous terminal shoot of white 
pine. (Author’s illustration.) 


weather. Eggs are evidently deposited during the principal activity of | 
the adults, possibly during the greater part of the month of May. The 


. their work into the bark of the 


the beak of the mother beetle. In. 
from six to ten days the eggs begin 
to hatch into small white grubs 
(larvee), which at first are usually! 
found in large numbers feeding. 
upon the inner bark and cambiun 
(see fig. 2). They usually wor : 
downward and sometimes extend. 


— 


2-year-old stem and base of the: 
branches. By the time the larve | 
have completed their develop 
(fig. 1, b) they are greatly reduce 
in numbers by natural enemies and 
other causes. The survivors bur 
row into the wood or pith of the 


borings. In these cells they trans-' 
form to pups (see fig. 1, ¢) anc 
adults, and during July and Angi 
of the same year, when the adults’ 
are fully matured, they bore their 
way out and seek suitable places’ 
in which to pass the winter. 


LONG LIFE OF THE ADULT. ~ | 


From recorded observations on | 
some species of Pissodes or bark) 
weevils by investigators in Europe, 
and on representatives of other | 
allied forms in Europe and in this” 
country, it appears that an indi- 
vidual adult may live two or three 
years and will deposit eggs each | 
year. - + 

SEASONAL HISTORY. 

The beetles are active from about: 
the 1st to the 15th of May or later, | 
depending on local conditions and 
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ders of dense stands wherever the soil and other conditions are most 
favorable for rapid growth. 

The unfavorable conditions for injury are slow growth, dense pure 
stands, and mixed stands of pine and hardwood. 

Under the former conditions the thrifty, vigorous terminals are espe- 
cially favored as breeding places for the weevil ; and where these are 


killed, the vital energy of the tree is thrown into the lateral branches. 


——. 


Open stands, therefore, favor the development of large branches and a 
spreading crown, while under conditions unfavorable to weevil injury 


_ the terminals are smaller and, even if they are killed, the close stand or 


the damage. 


lateral shade will tend to produce an upward or vertical growth of the 
topmost branches, the stronger one taking the lead and soon repairing 


NATURAL ENEMIES. 


Numerous parasitic and predatory insect enemies attack the develop- 


ing broods in the terminals. Woodpeckers, also, feed on the matured 


Fig. 6.—Barrel for terminal shoots infested by white-pine weevil, with wire screen over end allow- 
ing escape of parasites but preventing escape of weevils. (Original.) 


larve, pupe, and adults. Some of the larve apparently die from 


disease, and when large numbers of them are crowded together the 


larger ones appear to feed on the smaller ones, so that on the average 


not more than from 3 to 5 per cent of the hatched larve ever reach 


maturity and emerge from the infested terminals. However, each 
female is capable of depositing more than one hundred eggs each year 
for several years; thus the depredations are continuous. During some 
years the damage will be slight, while in other years it will be very 


‘severe, the amount of injury depending on the number of adults that 


survive and the conditions presented for their attack and development. 


METHODS OF CONTROL. 


It will be seen that in the successful contro] of this pest, as in the 
control of forest insects in general, much depends on special features in 


8 
the general methods of forest management which will bring abc st 
unfavorable conditions for injury and thus prevent loss. 

It will also be seen how important it is to know the principal fa. 4 
in regard to the life history and habits of the insect, in order to sect re 
the best results from methods of management and of direct control. 

Heretofore this species has been confused with another species wi 
very different habits, and some of the published data and recomme 
dations based on such confusions are of no value. 

The white-pine weevil rarely, if ever, passes the winter in the tern 
nals. The present evidence indicates that it never breeds in the thi: 
bark on the trunks and stumps of the white pine or other pines; th 
it can not be trapped in the trunks of felled and girdled pine. 


DESTRUCTION OF THE BROODS. 


The only practical method of destroying the weevil appears to be t: 
treatment of the infested terminals, and to secure the best results sp 
cial attention must be given to certain important details. 

If the infested terminals are cut or broken during June and July ai — 
burned, the broods of the weevil will be effectually destroyed, but va 
numbers of natural enemies will also be destroyed. <A better metho 
is to collect the terminals during the first half of July before the beetles 
begin to emerge and to place them in tight barrels securely covered 
with wire fly-screen netting on one or both ends (see fig. 6). The bar- 
rels should be left in the groves, so that the parasites and other 
enemies may escape, while the beetles perish. After the Ist of October 
the weevils will all be dead, and the netting may then be removed, 
although the barrels with their contents should be left until the follow- 
ing June to allow the escape of the later developing and larger parasites. 
The barrel should not be placed in a position to collect rain. It is 
necessary, however, if this method be adopted, that it be repeated two 
or three years in succession in the same locality, in order to catch th- 
successive broods from the old parent beetles that live over from pre- 
ceding years. 

NOTE. 


The statements and recommendations in this circular are based on recen 
observations and investigations by the author and by Field Assistant W. F. Fiske 
and serve as a partial revision of what has hitherto been published. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., May 21, 1907. 
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CIRCULAR No. 971. Issued July 3, 1907. 


United States Department of Agriculture, 
BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


NOTE ON THE OCCURRENCE OF THE NORTH AMERICAN FEVER TICK 
| ON SHEEP. 

By W. D. HUNTER, 
In Charge of Cotton Boll Weevil Investigations. 


There are no published records of the finding of specimens of the 
‘North American fever tick (Boophilus annulatus Say) on sheep. In 
| fact, it has generally been supposed that this species does not occur on 
‘sheep, although Mr. B. H. Ransom has surmised that such might be 
, the case.t. In connection with the tick work of the Bureau of Entomol- 
| ogy an agent, Mr. J. D. Mitchell, has recently obtained data which 
‘indicate a rather general occurrence of the fever tick on sheep. On 
account of the considerable practical importance of this matter it is 
thought advisable to publish this preliminary note. 

_ The practical importance of the discovery made by Mr. Mitchell lies 
yin the fact that the dissemination of ticks by sheep may play a very 
i important part in the work of eradication that is now under way. In 
the general work of the eradication frequent use must be made of the 
“ starvation’? plan under which the cattle are removed from pastures 
for a considerable time. In many parts of the tick-infested area most 
{ of the cattle raisers have as many cattle as they can possibly carry on 
their holdings. To be forced to dispense with the use of a part of the 
pasture area in many cases would force the sale of a portion of the cat- 
_tle, perhaps at an unfavorable time for marketing. If, however, it were 
| possible to allow some other kind of live stock to graze on pastures 
{from which ticks are being eradicated according to the starvation plan, 
the inconvenience and possible loss to the ranchmen would be consider- 
ably lessened. Since the North American fever tick has previously not 
. been known to infest sheep, it has been thought that the pastures might 
‘be used for grazing these animals. The discoveries made by Mr. 
‘Mitchell, however, indicate that the dissemination of fever ticks by 
, Sheep is of such practical importance that, at least in the parts of Texas 
' where the matter has been investigated, a pasture would remain infested 
indefinitely even if the sheep alone were allowed to roam over it. It is 
/ not a case of the scattering of the seed ticks from one part of the pasture 


So ~ 


‘Cir. 98, Bureau of Animal Industry, U. S. Dept. Agric., p. 8, October, 1906. 


2 

to another, but a case of the breeding of the fever ticks on sheep, cinad | 
in several cases fully engorged females have been found on these ani- 
mals, and they are now freely depositing eggs. 

The following are some of the particulars regarding data obtained ub 
to this time. The matter will be followed up by the Bureau of Ento- 
mology, and a further report will be made at the end of the season. 

In April, 1907, Mr. A. P. Ward, of Jackson County, Tex., sent to 
Mr. J. D. Mitchell a number of specimens of Boophilus annulatus that 
he had taken from a sheep. In this lot there was one engorged female 
that deposited eggs which have hatched. Mr. Ward’s attention was 
attracted to the matter by seeing this tick hanging in the hair of one _ 
fore leg. It was in the act of dropping to the ground for oviposition. — 
At least a dozen other specimens were then collected on this animal. 
There were five or six nearly engorged adult females, together with sev- | 
eral nymphs and larve. The sheep upon which these ticks were found 
had not been sheared this season, although the wool was rather scant 
on the belly. Nevertheless, the ticks had made their way well up into 
the thick wool on the sides of the animal. Mr. Ward notes that the 
sheep was ‘as oily as she could be.”’ The animal was one which had 
been left in an isolated field for a month before the ticks were discoy- 
ered. In moving the herd this one had accidentally been left behind, | 
She was exceedingly active, and there were no indications whatever of | 
any disease. The only fact which would tend to indicate the possibility 
of disease in this sheep transmitted by the ticks is that she remained | 
in the same place after the herd was removed. It is barely possible 
that she was left behind on account of weakness brought about by the | 
disease at the time the herd was removed. However, subsequent evi- | 
dence from other flocks fails to justify the assumption that there may 
have been any disease in this case. 

Early in May, 1907, Mr. J. D. Mitchell examined many sheep in the | 
flock belonging to Mr. Ward. One adult female tick was found, 
together with six individuals just passing from the nymphal to the 
adult stage. These were on several different animals, but all located | 
in the ears. | 

At about the same time three sheep in a flock in Calhoun County 
were examined by Mr. Mitchell. Two adult female ticks about ready 
to drop to the ground and one molting nymph were found on these 
three animals. 

Since that time Mr. Mitchell has examined ten sheep in a large flock 
belonging to Col. J.C. Warden, whose ranch is in Victoria County, Tex. | 
On two of these sheep specimens of Boophilus annulatus almost fully 
engorged were found. They were both located on the head, near the 
base of the ear. Colonel Warden states that late in the summer anal 
fall the fever ticks cause considerable annoyance on his sheep. It is 
necessary to treat them continuously to prevent damage from screw- 


9 
worms, which are attracted by the wound left when the tick detaches 
itself or by the blood released when one happens to be crushed on the 
host. 

It will be noted that fully engorged specimens of the fever tick have 
new been found on sheep by Mr. Mitchell in three different flocks in as 
many counties in southern Texas. It is expected that future observa- 
tions will show a rather general occurrence on sheep. 

There are several points of importance to be determined, as, for 

‘instance, whether the offspring of the ticks which have developed on 
sheep transmit splenetic fever when placed on nonimmune cattle, and 
whether the sheep become diseased through the agency of the ticks. It 
is expected that the Bureau of Animal Industry will undertake investi- 
gations in the near future bearing on these points. The purpose of this 
circular is merely to call attention to matters of immediate practical 
importance. 

It may possibly be important.to note that there are some peculiar 
features of the cattle-tick problem in southern Texas this season. 
Various conditions have caused unusually large numbers of ticks to be 
present in the spring. According to the testimony of cattlemen the 
ticks have never been more abundant in the spring than they are this 
season. It is barely possible that this excessive abundance may have 
had something to do with the occurrence of ticks on sheep, and that 
under different conditions the sheep would not have become infested. 
Nevertheless, it must be remembered that in that portion of Texas as 
well as elsewhere the cattle ticks are frequently as numerous in the fall 
of the year as they have been this spring. In view of these facts it seems 
evident that it will be absolutely necessary in plans for eradication to 
exclude sheep from areas in which an attempt is being made to eradi- 
cate the ticks. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., June 19, 1907. 
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‘CIRCULAR No, 92. Issued September 25, 1907. 


United States Department of Agriculture. 


BUREAU OF ENTOMOLOGY. 


L. O. HOWARD, Entomologist and Chief of Bureau. 


MITES AND LICE ON POULTRY. 
By NATHAN BANKs, Assistant Hntomologist. 


Everyone has seen hens squatting in a hole of dust, vigorously 
scratching, fluttering their wings and lifting their feathers in an 
effort to get the dust to the body. This is evidence that the hens are 
infested with mites or lice, and they are using the means most 
available to get rid of their tormentors. 

Ordinarily the fowls, by this process, are able to keep the parasites 
in check, and although there is, of course, some loss in flesh and eggs 
there is no serious damage. But in the case of setting hens the mites 
and lice increase to an enormous extent, so that the young chick issu- 
ing from the egg is at the mercy of hordes of hungry parasites. 
Some claim that a single individual of these voracious parasites, 
attacking the throat of a young chick, may cause death. Various 
troubles are attributed by expert poultry growers to the presence of 
mites and lice, including bowel disease in summer, drowsiness, refusal 
to eat, gradual wasting away, loss of feathers, etc. Poultry are fre- 
quently supposed to be suffering from some disease when the real 
cause of their ill health is an excessive abundance of lice or mites. 


MITES. 
THE CHICKEN MITE. 


The mite most commonly found on poultry throughout the United 
States, and the one called the * chicken mite,” is scientifically known 
as Dermanyssus galline Redi. (See fig. 1.) It has long been known 
to naturalists, and occurs on fowls in Europe and other parts of the 
world. 

7 DESCRIPTION AND HABITS. 
~ It is an elliptical, somewhat flattened mite, nearly one-twentieth 


of an inch long, and plainly visible to the naked eye. Often it is of 
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a pale gray color, with darker spots; but after feeding it usually be- 
comes more or less reddish, according to the amount of blood it has 
sucked from its host. It has eight rather slender, tapering legs, : 
pair of shorter feelers or palpi in front, and between the latter is a 
pair of needle-like mandibles with which it secures its food. 
The adult mother mite lays her tiny eggs in cracks and crevices of 
the wood, usually where there is some manure or other filth. The 
mites when born are whitish in color, oval in shape, and have but six 
legs. They feed largely, if not wholly, upon filth, but when older 
attack the chickens. If a partly hatched egg is broken in the-nest_ 
the mites swarm and feed upon it. After the young mites have fed 
for a few days they molt, or shed their skin, and appear with eight 
legs, looking more like their parents. Other molts occur before the 


\ 


| 


Fic. 1.—The chicken mite (Dermanyssus gallinx); a, Adult; b, tarsus; c, mouth parts; d and e, young, 
All much enlarged (from Osborn). 


adult condition is reached, the mites becoming mature in about ten 
days from birth. 

Darkness and dampness are favorable to the increase of the pests, 
and plenty of sunlight and good ventilation will do much to hinder 
them. The mites do not remain. on the poultry all the time, but 
usually only long enough to feed; they then either wander about in 
search of another host or retire into crevices. They are most active | 
at night, but when very numerous many can be found crawling about 
by day. By some means, possibly by the sense of smell, they are 
able to realize that a hen is near by, and within a few minutes after 
a hen has settled upon her nest the mites will be found upon her. 

The chicken mite will attack other kinds of fowls, horses, and even 
man. The mite found upon pigeons, however, is now considered to 
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‘be a distinct species. . Pigeons, therefore, do not spread the chicken 
mite, as was formerly supposed by many people. 

| The loss caused by the chicken mite is, of course, variable, accord- 
ing to the amount of infestation. Some writers consider this mite 
the most serious enemy of poultry, while others think it of secondary 
‘rank. In any case, it is a pest of such importance as to warrant the 
" strictest measures of repression. 


h REMEDIES AND PREVENTIVES. 

. Cleanliness and sunhght are the best means of preventing an 
,abundance of mites. A chicken house can not be kept too clean. It 
| should be cleaned out every few weeks, at least, and it is a great 
4advantage to have the nests and roosts so built that they can be 
| removed and washed in some cleansing liquid. 

‘A treatment much in favor is that of whitewashing the inside of 
‘the house. If this is done, about 4 ounces of crude carbolic acid 
|should be added to each gallon of whitewash. Like all other treat- 
| ments, this should be repeated in three or four days, to destroy the 
| young which have hatched since the first application. 

In cleaning the henhouse it is useful also to scatter a mixture of 
/3 parts of dry air-slaked lime and 1 part of sulphur. The doors and 
| windows should be closed and the mixture thrown up to the roof till 
‘the air is filled with it. It will then settle upon everything, the 

sulphur killing many mites and the hme aiding in drying the drop- 
pings. Setting hens need not be disturbed. 

* But the best remedy against the “ chicken mite” is to spray with 
kerosene emulsion. To make this, shave one-half pound of hard 
- soap into 1 gallon of soft water and boil the mixture until the soap 
is dissolved. Then remove it to a safe distance from the fire and stir 
‘into it at once, while still hot, 2 gallons of kerosene or coal oil. The 
result is a thick, creamy emulsion. Dulute this stock mixture with 
_10 parts of soft water, and apply as a spray or with a brush, being 
, careful to work it into all cracks, crevices, and joints of the building. 
; Two or three applications on the same day are necessary to obtain 
the best results, and this treatment should be repeated in three or 
four days to kill the young mites which will have hatched since 
_ the first application. 


OTHER MITES ON POULTRY. 


Although the species mentioned, Dermanyssus gallinw Redi, is by 
| far the most injurious, yet there are several other mites that attack 
poultry. The “itch mite” of fowls (Cnemidocoptes mutans Robin) is 
‘ the cause of “scaly-leg.” It does not, however, confine itself to the 
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legs, but often occurs on the comb and neck. The adults of this species 
are very small, whitish in color, and have very short legs. They 
burrow in the skin, causing an intense itching, and forming a crust 
of loosened tissue above their burrows. A good remedy is to bathe 
the infested parts in warm, soapy water, and then apply sulphur 
ointment. Naphthaline crystals powdered and mixed with 9 parts 
of lard also make an effective ointment. 

Another closely related mite, Cnemidocoptes gallinw Railliet, is 
sometimes found on hens. It burrows near the base of the feathers; 
and the itching induces the hen to pluck her feathers in a vain effort 
to stop the irritation. It is sometimes called the “ depluming mite.” 
Another similar mite, 27voltasia bifurcata Rivolta, sometimes feeds 
on the feathers of fowls, but causes no injury. 

In Texas, Arizona, New Mexico, and southern California there is 
a tick, Argas miniatus Koch (see fig. 2), which attacks hens, and in 
those sections 1s a more serious menace to poultry even than the 
“chicken mite.” The adult tick is a flattened, elliptical, reddish, or 
mahogany-brown creature, about one-third of 
an inch long. The edges of the body are 
quite sharp, and from above one can scarcely 
see the small and slender legs. The surface 
of the body is finely and irregularly rough- 
ened or pitted. These ticks feed on the hens 
at night and retire to the crevices of the hen- 
house during the day. The eggs are laid in 
these crevices, and both ticks and eggs can be 
destroyed by spraying the inside of the house 
with kerosene. It is useful to rest the ends of 
poe the roosts upon something which the ticks can 
Fic, 2.—Argas miniatus, a tick NOt- cross, as a ball of tarred cotton, or the 

which infests poultry. yoosts may be hung by wires. from above. 

Greely Jenlsnec® ee) era mee history of this tick is not fully under- 
stood as yet, but there is no probability that it will spread to the 
North. 


LICE. 


The various species of lice affecting poultry are more numerous 
than the mites, but since they do not suck the blood they are less 
injurious. 

THE COMMON HEN LOUSE. 


DESCRIi TION AND HABITS. 


The only species found in abundance throughout the country is 
known as Menopon pallidum Nitzsch (see fig. 3), the common “ hen 
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iouse.” This is pale dull yellow in color, with more or less distinct 
darker marks on each side of the body, although often after feeding 
7 is reddish or pinkish in color. The length is about one-twentieth 
\of an inch, the legs are six in number, and the head is broad, rounded 
‘mn front, with a small antenna or feeler on each side. It is always 
without wings. 

_ This louse is very active, and seems to wander continually over the 
skin or among the feathers, apparently looking for something new, as 
any person will discover who handles a lousy hen. The eggs, or 
“nits,” of this louse are tiny, elongate, oval objects, with the smaller 
end flattened and the larger end attached to the vanes and barbs of 
‘the feathers. If conditions are favorable, the young issue from the 
pee in about eight days, but they may be kept in a cool place for 
several months without loss of vitality. The young louse is much 
ike the parent, having six legs and a broad head, but with a rather 
smaller body. It keeps close to the body of 
‘the host, molts several times, and,in the 
‘course of two or three weeks, if not dis- 
‘turbed, will reach maturity. Lice are not KC 
‘provided with mandibles fitted to suck 
blood from a hen, but they use their short- 
toothed jaws to bite off the epidermal scales, 
or dandruff, and the edges of the feathers. 
‘The claws of the feet are sometimes very 
‘sharp, and continual pricking of the host 


draws blood, which is greedily eaten by the Nia a 
lice. This accounts for the reddish color of ae 
Many specimens. ‘| ae 


_ Dampness, filth, and warm weather favor 

the increase of these lice, and a setting hen |. . ne common hen Jouse 
in a foul nest is their paradise. At night (Menopon pallidum). Greatly 
they crawl about on the roosts, going from = "278°? (onssinal. 

one fowl to another, so that one infested bird will soon cause the 
infestation of an entire flock. 

The chickens do not suffer from loss of blood, but from the nervous 
exhaustion induced by the biting of their scales and the scratching 
and pricking from the claws, often resulting in sores or ulcerations. 
(The continual worry and loss of sleep produce debility and bowel 
troubles. Little chickens are, of course, more susceptible and often 
die from the attacks. 

_ Unlike mites, lice are usually confined to one kind of host, and the 
lice on ducks, geese, and pigeons are of kinds different from those on 
(chickens. 

[Cir. 92] 


6 


REMEDIES. 


Many people who keep a few hens consider the infestation by lice 
a natural state of affairs, and so long as the lice are not so excessively 
numerous as to interfere seriously in egg production no attempts are 
made to exterminate them. Lice, however, are readily killed by a 
number of substances, although there is more or less difficulty in 
getting at them. Hidden among the feathers or close against the 
body the parasites are secure against any remedy unless it be applied 
very thoroughly. Moreover, one application is not enough. What 
will kill the lice may not affect the eggs or “ nits,” so it is necessary 
to repeat within a few days any method of treatment that may be 
used. 

Carbolic acid, tobacco, sulphur, naphthaline, or any oily substance 
will kill the lice if it touches them. 

Carbolic acid must be handled with great care, for it is a burning 
poison. It is used mixed with lime or kerosene. To make the lime 
mixture, stir 2 ounces of 90 per cent carbolic acid in 1 pint of cold 
water, sprinkle it in a half bushel of lime, and leave the lime to air 
slake. This can be sprinkled anywhere about the henhouse, but is 
most effective if put in the nests and mixed with the dust in the 
“wallow.” If kerosene is used, take 2 ounces of carbolic acid to 1 
gallon of kerosene, stir it thoroughly, and paint the mixture upon the 
roosts and nests, keeping the poultry out of the house until the mix- 
ture is dry. 

Tobacco is used as an infusion, made by pouring hot water on 
tobacco stems. The hens are dipped into the liquid thus made. This 
_ is not a pleasant method to practice, and care should be taken to pre- 
vent the fowls from taking cold. Tobacco dust is the basis of various 
powders which are advertised to be used against lice. Their value 
depends largely upon the strength and freshness of the components. 
They are often used successfully, although frequently they are ex- 
pensive. 

Sulphur mixed with air-slaked lime, 10 pounds of sulphur to a half 
bushel of lime, is also often used against lice. This may be scattered 
everywhere in the house, or mixed in the dust wallow. Sulphur can 
also be used in fumigation. To avoid danger from fire, the sulphur 
or sulphur candle should be put on an old tin can or something simi- 
lar, and this placed in the middle of a pan of wet ashes or earth. 
Light the candle and shut the house tightly for several hours; then 
air it well before allowing the hens to enter. 

Kerosene may be used in conjunction with naphthaline. Dissolve 
in kerosene all the flake naphthaline it will take, and paint the 
roosts and nests with this saturated solution every week or so for a 
few months. Sawdust wet with this liquid may be placed in the 
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nest, but should be put beneath the straw, so that the eggs will not 
‘rest upon it. Naphthaline is not poisonous, however, and may be 
handled without danger. 


OTHER LICE ON POULTRY. 


Chickens are subject to the attacks of various other lee with 
habits similar to those of the species mentioned, but most of them 
are not common. One, JJenopon biseriatuim 
Piaget, is very like the common “hen louse,” 
but larger, and with a more elongate body. 
Others belong to the genera Lipeurus (fig. 4), 
Goniodes (fig. 5), and Goniocotes (fig. 6). 
Several of these are known as “gray sucker 
lice.” They do not move around as much 
as the Menopons and are often confined to 
one part of the body. 
Sometimes they bury 
unemr headsoimthe-scales tre. «¢—ripeurus’ variabilis 
of the skin or close to — ® louse that infests poul- 
the base of a feather ae ee 
and remain a long time 
in one position. The species of Lipeurus 
are more slender than the common lice, 
and the Goniodes and Goniocotes are 
broader, with more prominent feelers or 
antenne, and with darker spots on the bor- 
ders of the body. 

S The remedies used 
Fic. 5.—Goniodes dissimilis, a against the com- 


louse that. infests poultry. a Tt 
Much enlarged (after Denny). a hen louse will 


at the same time 
destroy any of these other lice that hap- 
pen to be present. 


‘A SURE PREVENTIVE FOR MITES AND 
LICE. 


i Nae 


Since lice and mites have no wings 
and can crawl but short distances, it is red 
F f i ‘ Fie. 6.—Goniocotes abdominalis, a 
evident that they are disseminated only  touse that infests poultry. Much 
from fowl to fowl. Butifan infested hen  ¢™!arged (original) 
or rooster is brought to the flock the parasites soon spread to all the 
birds. There is a possibility that lice may be carried by certain bird 
flies, but such flies have been. found so rarely on poultry that this 
[Cir. 92] 
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method of infestation need not be considered. It is therefore a sure 
preventive against mites and lice to keep only poultry hatched in an 
incubator and raised in a brooder. Build the hen house on a spot 
where none has been before; never buy fowls, raise them artificially ; 
keep them away from other hens, and they will not be troubled by 
mites and lie. | 
Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineron, D. C., August 6, 1907. 
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| THE SPRING GRAIN-APHIS OR SO-CALLED “GREEN BUG.” 


: 
(Toxoptera graminum Round.) 


By F. M. WEBSTER, 
In Charge of Cereal and Forage-Plant Insect Investigations. 


The early history in America of the spring grain-aphis (figs. 14), 
which has come to be generally known as the “ green bug,” was pub- 
jished in Circular No. 85 of this Bureau, and need not be reproduced 


Fic. 1.—Spring grain-aphis (Toxoptera graminum) : Male. Greatly enlarged. (Original.) 


here. Suffice it to say that it is an imported species, long known to be 
destructive to growing grain in Europe, but not known in this country 
prior to 1882, and not as a destructive insect until 1890. The litera- 
ture relating to this, the third and perhaps most destructive outbreak 
of the pest, is so misleading that this publication seems necessary in 
order to prevent misapprehension among farmers, and to afford them 
all possible helpful information in advance of future similar out- 


breaks. 


ae a 


DISTRIBUTION IN THE UNITED STATES. 


The insect is usually common, and is found from New Mexico, 

_ Colorado, and Montana to the Atlantic coast, approximately cover- 
ing the area south of latitude 41°, excepting New York, New Jersey, 
and New England, and east of longitude 105°. Within this territory 
its area of destructive abundance, as well as the severity of its at- 
tack during any year, will be regulated by two factors: First, the 
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presence of young growing wheat, oats, barley, or rye; and, second, 
weather conditions favoring its rapid increase and unfavorable fo 
the development of its natural enemies. It will breed freely in th 
fields from an altitude of less than 20 feet above sea level on the At- 


ro 
~~ 
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Fic. 2.—The spring grain-aphis or ‘‘ green bug” (Toxoptera graminum): a, Wingless 
female; b, larva; c, pupa. Much enlarged. (From Pergande.) 


lantic coast to an elevation of nearly 8,000 feet in New Mexico, and 
from eastern Washington, southern Montana, northwestern Minne- 


sota, southern Wisconsin, northern Ohio, and southern Pennsylvania 
southward to extreme southern South Carolina, southern Texas, and 


Fic. 3.—The spring grain-aphis or “ green bug” (Tozxoptera graminum) : a, Winged mi- 
grant; b, antenna of same. a, Much enlarged; b, highly magnified. (From Pergande.) 


New Mexico. Yet, with normal weather conditions during the first 
four or five months of the year, these facts signify absolutely nothing, 
for this insect will not be abundant enough to attract any attention 
by its injuries. 
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THE RELATION OF TEMPERATURE TO DESTRUCTIVE OUTBREAKS. 


This insect, as with other closely allied species of aphides, repro- 
duces in two ways. As cool weather approaches in autumn there 
occur in greater or less numbers both males and females, the latter 
depositing eggs (see fig. 4), and it is in the egg state only that, under 
normal weather conditions as to temperature, the “ green bug ” passes 
the winter, and from these eggs it originates in the spring. But from 
spring to fall there are neither eggs nor males; all are females, and 
these give birth to living young in a series of generations. With the 
normal cold of early winter these females gradually disappear and 
the winter eggs remain; but if the winter temperature is mild, and 
the temperature of the following spring abnormally cold, the summer 
method of reproduction continues throughout the winter and during 
spring. Indeed, it is not improbable that males and egg-laying fe- 
males may be found in spring, especially in the South. 

The “ green bug ” will breed freely in 
temperatures ranging from above 100° 
to below 46° F. As the young mature 
in eight days and themselves begin to 
give birth to young, it will be seen that 
an exceptionally mild winter followed 
by an abnormally cold spring offers 
the best possible conditions for the 
excessive increase of the pest, which 
would ordinarily begin breeding only 
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in spring, and from the eggs. 
With excessive reproduction and the 


destruction or aging of its food plants, 


Spring grain-aphis (Toz- 
graminum) : Egg-laying 


optera 
female with eggs in body, greatly 
enlarged ; at right, egg, still more 


tain predaceous flies, and the Jarve and adults of lady-beetles. 


enlarged. (Original.) 


this insect develops a corresponding 
abundance of winged migrating females, which are the means of the 
spread northward or outward from original centers. 

The “ green bug” in normal years—that is, when its breeding be- 
gins in spring—is effectively held in check by its natural enemies, and 
notably by a minute, black, wasplike insect, Lystphlebus tritici 
Ashm.. (see fig. 5) that deposits eggs singly in the “ green bugs,” the 


grubs hatching from the eggs feeding internally on the bug and de- 


Other natural enemies are the larve of cer- 
The 
little wasplike parasite first mentioned, however, is the one that keeps 
the “ green bug” in control in normal years, and in years when the 
latter is most abundant finally overcomes it, as was the case in 1907 
in Kansas, North Carolina, and other States in the more northern 
part of the range of the pest. 
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Unfortunately this parasitic wasp—as with the other beneficial 


insects—is active only while the temperature is above 56° F., or at 
Ge 


least 10° above that at which the “ green bug” breeds freely; and 


Fie. 5.—Lysiphlebus tritici, principal parasite of the spring grain-aphis: Adult female 
and antenna of male, greatly enlarged. Egg of Lysiphlebus tritici at right, highly mag- 
nified. (Original.) 


herein is the whole secret of the irregular disastrous outbreaks of the 
“ oreen bug” in grain fields.. As accounting for the outbreak in the 
year 1907, the “green bug” had had a 
whole winter and the following late spring 
in which to breed and multiply unmolested, 
and it accomplished its principal damage, 
as in Texas and southern Oklahoma, before 
the weather was warm enough for the para- 
site to increase sufficiently to overcome it. 
As further illustrative of the important 
bearing of weather conditions, it is found 
that in the case of the three important 
outbreaks of this insect, namely, for the 
years 1890, 1901, and 1907, the temperature 
ae eon ee emule oF for the first five months of each of these 
green bug, containing ; 
larva of the parasite Ly- years, including the latter part of winter 
siphlebus tritici. Much en- . 
dareed 1 COrisinaL) and spring, was above the normal for the 
winter months and below the normal for the 
spring months; in other words, warm winters and cold, late springs. 
The little parasitic wasp which is so useful in the control of this 
pest is native to this country, widely distributed, and every year does 
its work with the “ green bug ” and with other aphides. It is always 
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present in grain fields, as shown by its appearance every year, to war 
on these pests whenever the weather conditions make its breeding 
and multiplication possible, and its rate of breeding is so rapid (there 
being a generation about every ten days) that with a week or two of 
favorable weather it gains control over its host insects and destroys 


them. 
FOOD PLANTS. 


The spring grain-aphis is essentially a leaf-infesting insect, rarely 
being found on the stem. While preferring oats, it will readily attack 
wheat, rye, and barley, and may often be found on the underside of 
the lower leaves of corn. Corn excepted, its effect on the leaves of 
grain, when present in large numbers, is to cause the infested leaves 
to change to a red color, which seems to be very characteristic of 
Toxoptera and does not follow attacks of other species of aphides 
on these grains. The insect has also been found breeding upon a 
considerable number of grasses, any one of which may constitute its 
alternating food plant upon which it may survive the summer in 
different portions of the United States. It has been found breeding 
freely upon marsh foxtail (llopecurus geniculatus) in Oklahoma 
by Mr. W. J. Phillips, and by Mr. C. N. Ainslie in Kansas; on 
Agropyron occidentalis, also in Oklahoma, by Mr. Phillips, and by 
Mr. E. O. G. Kelly and Prof. C. P. Gillette in Colorado. Slender 
wheat-grass (Agropyron tenerum) was found moderately infested 
by Mr. Ainslie at Las Vegas, N. Mex. The species was found breed- 
ing upon Bromus at Washington, D. C., and also upon Porter’s chess 
(Bromus portert) at Las Vegas, N. Mex., and on an undetermined 
species of Bromus at Mesilla Park, N. Mex., all by Mr. Ainslie. 
The writer observed it very abundantly on orchard grass (Dacty/is 
glomerata) in Indiana in 1890, and again excessively abundant in a 
small isolated meadow of this grass near Midlothian, Va., in April, 
1907. This meadow was located in a region not adapted to the grow- 
ing of grain, and there was no field of growing wheat or oats within 
5 miles. Mr. Kelly found it in Montana, inhabiting marsh spike- 
grass (Distichlis spicata) in such abundance as to be damaging this 
grass, which in that part of the country is known commonly as 
“salt grass.” It was found inhabiting slender wild rye (2#lymus 
striatus) at Las Vegas, N. Mex., by Mr. Ainslie. Mr. Phillips found 
it attacking little barley (Zordeum pusillum) at Beloit, Kans., and 
Kingfisher, Okla., while the writer found this to be of frequent 
occurrence throughout Kansas. Mr. Kelly observed it abundant 
on squirrel-tail grass (Hordeum jubatum) in Montana, while Mr. 
Ainslie found it moderately abundant on /Tordeum cespitosum near 
Cimarron, N. Mex. Wherever Kentucky blue-grass (Poa pratensis) 
grows, the insect will probably be found breeding upon it through- 
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out the entire summer. In fact, this has been actually cbserved to 
occur in the city of Washington. Mr. Phillips has observed the 
same thing in Indiana, and throughout the northern sections of the 
country where the Toxoptera occurs it is more likely to be found on _ 
this plant during summer than upon grain, excepting, perhaps, 
during seasons of excessive abundance. Mr. Ainslie also found 


it moderately abundant on beard-grass (Polypogon monspeliensis) 
about Albuquerque, N. Mex. It has been found breeding on yellow 
foxtail or pigeon-grass (Zaophorus glaucus) by Mr. Phillips at 
Richmond, Ind., and on green stipa (Stipa viridula) at Las Vegas, 


N. Mex., by Mr. Ainslie. In the latter case the grass was heavily 


infested. As one or more of these grasses will be found to occur 
in almost every portion of the United States, it would appear that 
the nonoccurrence of Toxoptera in any considerable section of coun- 
try can not be due to a lack of uncultivated food plants. Of food 


plants other than grasses we have only the one observation made 


by Mr. Phillips at Kingfisher, Okla., April 23, 1907, where a species 
of ragweed growing up in a badly damaged wheat field was quite 


heavily infested with Toxoptera, at the time breeding freely on this — 


plant. 

The outbreak on the grounds of the Department of Agriculture 
was notable in some respects, in that the continued close cutting of 
the blue grass supphed a continual fresh, tender growth as food for 
the “green bug,’ thus preventing the development and escape of 
winged females; and especially is it notable in view of the total lack 
of Lysiphlebus tritici, the most important of the natural enemies of 
this aphis. The only natural enemy found in this case feeding upon 
the “ green bug” was the diminutive black and yellow lady-beetle 


(Typeraspis undulata Say), not previously known in connection with 


this pest. 

When this outbreak became known to Mr. E. M. Byrnes, superin- 
tendent of Experimental Gardens and Grounds, he at once had the 
entire infested block sprayed with a solution of one-half gill of rose- 
leaf nicotine to each gallon of weak soapsuds. The application was, 
however, ineffective. Four days later a strip through this plat was 
thoroughly saturated with a strong solution of barnyard manure, 
made by soaking the manure in water. While there was no evidence 
that this killed any of the “ green bugs,” after nine days the pest was 
notably less on this area than where the application of manure 
solution was not made. 

A series of experiments was then undertaken under the writer’s 
direction by Mr. E. O. G. Kelly, as follows: 

Tobacco dust was applied at rates of one-fourth, one-half, and 1 
pound to each 100 square feet, but after over a week had elapsed 
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| from the date of application no effect was to be observed and no 

_ dead insects were found. 

' Kerosene emulsion was applied at 8 and 10 per cent strengths. 
There was practically no difference in the effect of these two strengths, 


J 66 


and at the end of nine days no “ green bugs” were to be found on the 
areas so treated. Also there was no perceivable injury to the grass. 
Whale-oil soap solutions, varying in strength from one-fourth of a 
/ pound to 2 pounds of soap to each 5 gallons of water, were applied to 
similar areas. In this case the stronger solution injured the grass 
‘slightly, but not permanently; in the case of the lesser strengths there 
"was no injury whatever. The effect on the “ green bug” was the 
same in every case. They were not only literally exterminated over 
the areas treated, but the applications seemed to protect from a rein- 
festation. In case of even the weakest solution an examination, five 
days after the application was made, revealed the “ green bugs” in 
myriads and breeding freely on os untreated space, while but 8 
inches away and on the treated area living bugs were scarcely to be 
- found, though the dead were to be observed almost as abundantly as 
were the living on the space untreated. It must be remembered, 
_ however, that these experiments were carried out in grass kept closely 
cropped by frequent use of the lawn mower, and the results obtaimed 
in no way reflect upon similar experiments carried out by Messrs. 
_ Ainslie and Phillips in the grain fields of Oklahoma. 


4 INVASION OF 1907. 


A better appreciation of the interrelation of the “ green bug” and 


‘its principal parasitic enemy can be conveyed by giving a chrono- 
Jogical statement of our investigations of the very disastrous inva- 
- sion of the “ green bug ” during the winter and spring of 1907. 

The first rumors of injuries by this pest came to us early in Janu- 
ary from east-central Texas, where the “ green bugs” were reported 
to Mr. W. D. Hunter, in charge of cotton boll weevil investigations 
_of this Bureau, as attacking fall oats. During this month in Texas, 

east of a line drawn ae near Gainesville through Abilene and 
San Antonio to Galveston, the temperature was 9° above the normal. 
Within this area was a smaller one, the boundaries of which may be 
indicated by.a line drawn from eens to Fort Worth, Waco, 


+ 


and Joaquin. Over this latter area the temperature for the same 

month was 12° above the normal, and within this area the pest began 
its work of destruction. 

Also, judging from data received later, the pest began to breed 

_ rapidly in fall-sown oats in southern South Carolina, where the tem- 
"perature was from 6° to 9° above the normal. 
bs [Cir. 93] 
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During February all over the region west of the Mississippi River - 
and the Great Lakes the temperature was above the normal, and — 
in the Carolinas it was only slightly below. During this month 
much damage seems to have been done in Texas, and there is every 
probability that the pest was breeding freely in the Carolinas, though 
it had not yet been reported from the latter States. 

Up to this time the outbreak in Texas was being investigated by 
Mr. E. C. Sanborn, an agent of this Bureau detailed to the Texas 
Agricultural Experiment Station. The first report of the insect 
outside of Texas was under date of March 6, from Mr. C. H. Drake, 
of Summers, Ark., who reported that “a small green bug” had 
destroyed the wheat in spots in the fields in his locality. This letter, 
received March 11, led to the prompt dispatching of Mr. C. N: 
Ainshe for the West, with full instructions to investigate the out- 
break thoroughly, to experiment with measures for destroying the 
insects in the fields, especially over the spots where they seemed to 
be most abundant, and to determine what could be accomplished in 
checking the ravages of the pest by the early introduction of natural 
enemies into the infested fields. Arrangements were perfected with 
Mr. W. D. Hunter to ship to Arkansas living parasites (Lystphlebus 
tritici), which were then abundant in Texas, and the same train by 
which Mr. Ainshe reached Summers brought several boxes of the 
parasites. These parasites were promptly placed in the infested 
fields and liberated March 18. But Mr. Ainshe found that both the 
lady-beetles and the little wasplike parasites (Lystphlebus tritict) 
were already present at Summers and near-by points in greater num- 
bers than could possibly have been introduced. The latter were 
simply everywhere, running about over the young grain plants and 
placing their eggs in the bodies of the “ green bugs.” 

Clearly the importation of parasites would be useless under these 
conditions, and Mr. Ainslie, hoping to find a more favorable field for 
the introduction of parasites or direct experimental work with rem- 
edies, proceeded, on March 23, for various points in Oklahoma. 

At Chandler and Guthrie, March 23 to 25, the pest was very 
abundant, but the conditions at these points were again even less 
favorable than in Arkansas for the introduction of parasites. For 
example, on one blade containing about 150 of the “green bugs ” Mr. 
Ainslie counted 25 that were parasitized. He then proceeded to 
Kingfisher (March 26) and here found the parasites apparently less 
plentiful than at the other points visited, which were to the eastward. 

Arrangements had been made with Mr. Hunter to furnish parasites 
from Texas fields when these were called for, and in response to a 
telegraphic request he dispatched a quantity of material collected by 
his assistants in Texas and in southern Oklahoma. When this was 
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received and the parasites liberated in the infested fields, native para- 
sites were already issuing in great numbers. In other words, the 
parasite was already beginning unaided its active work of control. 
By March 27 the “green bugs” developed winged adults in great 
numbers, and these seemed to drift northward. 

Mr. Ainslie was instructed to look for a region to the northward 

where the “ green bug ” was just starting, and he made his first stop, 
March 30, at Wellington, Sumner County, Kans., and found the con- 
ditions there such as to offer a favorable field for experimentation 
with parasites. 

By April 1 the fields about Wellington were generally, though 
sparsely, infested with the “ green bug,” represented in many cases 
by winged females that had seemingly migrated to these fields and 
were giving birth to their young. Lady-beetles were common, but 
none of the Lysiphlebus was observed. After a couple of days spent 
in the vicinity of Wellington, Mr. Ainslie returned to Kingfisher to 
secure parasites for introduction into southern Kansas, but in the 
meantime severe weather, accompanied by heavy frosts, had pre- 
vailed, and the parasites formerly abundant at Kingfisher had become 
exceedingly scarce. By the 5th, however, he began again to find 
very many parasitized “ green bugs,” and by the 7th the parasites 
themselves began to appear again. <A bushel of wheat plants, now 
nearly covered with parasitized “ green bugs,” was collected at King- 
fisher and taken to Wellington April 9. At this time fully 12 per 
cent of the “green bugs” at Wellington were already parasitized, 
while on the 12th Mr. Ainslie counted as many as 11 parasitized in- 
dividuals on a single blade of wheat. 

About the middle of March an appeal came to this Bureau from 
the Texas Grain Dealers’ Association, through their secretary, Mr. 
H. B. Dorsey, at Fort Worth, to investigate the “green bug.” In 
response to this appeal Mr. W. J. Phillips, of the Bureau staff, was 
dispatched to Fort Worth, arriving on the 27th. Several days spent 
in examining fields in the vicinity of Fort Worth demonstrated that 
the “ green bug ” had totally destroyed the grain in that vicinity and 
disappeared, and there was no opportunity for experimental work. 
He then went, by instruction, to Hobart, Okla., and later relieved 
Mr. Ainslie at Kingfisher, and, in response to a telegram from Mr. 
Ainslie, sent an amount of parasitized wheat from Kingfisher to 
Wellington equal to or larger than the first shipment. 

All of the material which Mr. Ainshe took with him from Okla- 

-homa and that supplied him by Mr. Phillips was placed in a single 

wheat field near Wellington. It is safely estimated, from counts of 
average wheat blades, that upward of two and one-half millions of 
parasites were thus liberated in a single wheat field on April 9, and 
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by this time many were already there. This introduction of para- — 
sites was carried out in order to give a decisive test as to whether it — 


was possible to aid in protecting fields in this manner along the ad- 
vance line of invasion. The weather was still cold, and if the artifi- 
cial introduction of parasites would, with the return of warmer 
weather, hasten the control of the “ green bug,” the introduction of 
such large numbers would clearly demonstrate this fact. And if 
such introduction on a large scale proved favorable, it would show 
reasonable ground for the more general introduction of parasites in 
lesser numbers. 

There was a minor introduction of Lysiphlebus started at McPher- 
son, Kans., April 18, though this parasite was already found in the 
fields in that vicinity at that time. 

The weather during the whole of April was generally cold with, as 
on May 4, an occasional storm that is known to have killed many of 
the parasites, and though there were brief periods of warm weather 
during which the parasites would increase rapidly, the Lysiphlebus 
did not finally overcome the “ green bug” in southern Kansas until 
about the middle of May. 

As will be observed, this experiment was made under weather con- 
ditions almost uniformly unfavorable to the parasite and favorable 
to the development of the “green bug.” There is no reason for 
supposing that the weather would affect the introduced parasites 
differently from those already present when the introduction was 
made. 

Mr. Ainshe remained in the vicinity of Wellington, and more 
briefly at McPherson and Sterling, for the purpose of watching 


these experiments, and he was, moreover, in direct communication | 


with Mr. Phillips in northern Oklahoma; and the two were therefore 
able to keep under their observation a wide range of country, thus 
eliminating the possibility of oversight or misconception on the part 
of either that might otherwise have occurred. 

It was during this period of generally cold weather in late April 
and early May, interspersed by shorter periods of weather favor- 
able to the parasites, that the latter increased generally throughout 
Kansas and, judging from reports, also in Missouri and Colorado. 
It wanted only the more extended warm spell that came soon after 
to enable them to get the upper hand and subdue the pest, as they 
did throughout the southern Atlantic coast section earlier in the 
season. 

The field in which the two and a half million Lysiphlebus were 
introduced and liberated on April 9 did not, at the time of the over- 
coming of the pest in this and the adjacent country in May, indicate 
any benefit whatever above other fields, near or remote, where no 
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artificial introductions had been made. The result of the minor 
experiment at McPherson was, as reported by Mr. Knaus, no more 
favorable. 

During the last two weeks of April a great many small lots of 
parasites were distributed over the southern and central counties of 
Kansas by Mr. S. J. Hunter, of the Kansas State University. The 
artificial sending out of these parasites by Mr. Hunter and the test 
of distributing an enormous quantity in a single field, described 
above, were legitimate experiments, but the evidence showed very 
conclusively that they resulted in no benefit whatever. In other 
words, as noted above, the parasites were already infesting 12 per 
cent of the “ green bugs” at Wellington, Kans., April 9, when the 
artificial introduction was made, and 50 to 75 per cent at King- 
fisher, Okla., at the same date, and they were only waiting for 
weather conditions to make it possible for them to do their work. 
Just as soon as the favorable weather arrived the parasites bred enor- 
mously and quickly overcame the “ green bug.” In no case was there 
a field of the hundreds examined in southern Kansas where the para- 
sites natively present did not outnumber by many thousands or hun- 
dreds of thousands any number that could have been introduced 


artificially, at a time when weather conditions had become such that 
_ the liberations could have had any benefit. As shown by the careful 


investigations of the agents of this Bureau in the field, and independ- 
ently of Prof. E. A. Popenoe, entomologist of the Kansas State 
Agricultural College, and his assistants, the parasites were equally 
abundant in all fields in May, when weather conditions became favor- 
able, irrespective of whether distributions had been made or not. 
The weather, therefore, is the important influence. As demon- 
strated by the experience of this and other years, these parasites, 
always present in limited numbers, will overcome the aphis unaided 


as soon as weather conditions permit, and no artificial introduction, 


great or small, appears to hasten or increase their efficiency. 
The writer left Washington for Kansas May 13 to take personal 


charge of the field work in relation to the “ green bug ” and to make 
-a thorough survey of actual field conditions. The “ green bug” at 


this time (May 15) had become abundant in oats as far north as 


~ Manhattan, Kans.; but wherever present there were numbers of para- 


sites also already in evidence. Indeed, Mr. Phillips found this 
to be true at Kearney, Nebr., which point he visited about a week 
later. In no instance was a field observed, either in the vicinity of 
Manhattan or, during the next week or ten days, anywhere in Kan- 
sas, where the parasite was not present wherever the “ green bug” 
occurred. 
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A further experiment, this time tried for the purpose of testing the 
possibility of hastening the work of the parasite during favorable 
weather by large introductions, was carried out as follows: The sub- 
jects of the experiment were two fields of oats, each containing 4 
acres. In one of these it was determined to introduce enormous 
numbers of parasites artificially, keeping records of this field for 
comparison with the other field in which no introductions were made, 


Fic. 7.—Stalk of wheat, the leaves covered with dead “ green bugs” killed by the parasite 
Lysiphlebus tritici. About natural size. (Original. ) 


thus determining the measure of benefit, if any, which resulted from 

the artificial introduction. Mr. Ainslie was instructed by wire to ship 

from Wellington, Kans., 6 bushels of the wheat plants that had been 

destroyed by the “ green bug ” and which, in some cases, were literally 

covered with the parasitized bodies of the pest, upward of 500 having 

been found on a single plant. (See fig. 7.) Before taking up the ex- 
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periment, however, it was desirable to know just what the conditions 
-were under which it was begun. As stated above, one of these oat 
fields was used for the experiment of introducing parasites, while the 
other was kept as a check. The fields were so widely separated that 
the introductions could not have spread from one field to the other. 
Six areas of a square yard each, selected for the examinations in dif- 
ferent parts of each field, were gone over by Mr. Phillips and two of 
| Professor Popenoe’s assistants. Examinations of both of these fields, 
made on May 17 and 18, showed that the field in which the parasites 
-sent from Wellington by Mr. Ainslie were to be liberated contained 
| approximately fifty millions of the unparasitized “ green bugs” and 
( approximately one and three-quarter millions that were undoubtedly 
_ parasitized ; in other words, approximately 3.5 per cent of the “ green 
bugs ” were at that time parasitized. In the check field the parasites 
_ were even more abundant, about 7.8 per cent being there found, by 
similar counts, to be parasitized. 
On May 18 parasites from 12 packages, each containing about half 
a bushel of wheat plants, were liberated in one of these fields. Now, 
a count similar to that made before the parasites were introduced 
was made on May 23, and this showed that the percentage of para- 
sitism ts the field in which the experiment was carried out had in- 
creased only to 5.4 per cent, while in the field in which no parasites 
had been liberated it was 19.3 per cent. On May 27 a similar count 
was made, when the percentage of parasitism in the field where the 
introduction was made was 27.1 per cent, while in the check field it 
was 32.5 per cent. Clearly, under weather conditions favorable for 
their development, an introduction of these parasites to the extent of 
millions, carried out under field conditions, did not indicate enough 
efficiency to afford any encouragement for the use of this measure 11 
the protection of the grain fields of the farmer in case of future 
attack. 
With all the artificial introductions of this parasite that were made 
in the grain fields of Kansas and adjacent States and Territories, 
there is no probability that a single bushei of grain was saved thereby 
or that the United States harvested one bushel more of grain than 

it would have harvested had no introductions of parasites been made 
or attempted. In substantiation of this statement it is interesting 
to note the history of the “green bug” during 1907 throughout 
North and South Carolina, upward of a thousand miles from where 
any introduction of parasites had been attempted, excepting two 
that the writer himself conducted. A considerable amount of ma- 
terial was sent from Winston Salem, N. C., on April 20, to a point 
a few miles west of Richmond, Va., where it was introduced into a 
small meadow of orchard grass, with no grain field within 5 miles. 
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But even here the effect was uncertain, as the writer had found the 
parasite present in this locality before the introduction was made. — 
In the other case a larger consignment was sent from the same local- 
ity in North Carolina to Sumter, S. C., to be placed in a field of oats — 
that the writer visited in company with the owner on the 16th of © 
April, when parasites were found in considerable numbers. In this — 
case the owner of the field, writing under date of June 18 and report- 
ing on the outcome of the experiment, said: 

I am sorry that the information to be derived from our experiments with the 
parasites is so indefinite. It just happened that other conditions probably over- 
came the aphis before the parasites had time to multiply sufficiently to get in 
their work. About the time that your box was received weather conditions 
changed somewhat from cool to warmer weather and the bugs seemed to dis- 
appear very rapidly. From the day the bugs disappeared, the oats, the only 
grain grown, began to improve, and while they will not make a full crop by any 
means, they are much better than we anticipated when you were here. 

This is, as the writer personally observed, also the history of the 
disappearance of the pest in western North Carolina, where both fall 
wheat and fall oats are grown and where no parasites were intro- 
duced, but where they were literally swarming on April 20. 

From all of this it would seem that throughout the greater areas 
over which this insect becomes injurious it has so far been -impos- 
sible to assist the work in any way. We have apparently been wholly 
unable to aid the parasites in getting the upper hand. They accom- 
plished their work earlier in the Carolinas than in the West, but 
reference to the records of the Weather Bureau will show that the 
weather conditions as regards temperature were precisely such as to 
bring this about. 

The only possibility of accomplshing anything by the artificial 
use of natural enemies of the “ green bug” seems to be in Texas and 
South Carolina, where the pest gets its start earhest, making its ap- 
pearance in the fields in spots of greater or less area in the fall or 
early winter. If these incipient outbreaks can be stamped out by 
farm methods, as indicated further on, or by the encouragement of 
parasites, or if they can be so weakened as to prevent the “ green bug ” 
from developing in such enormous numbers, it will serve to protect 
the grain crops not only of these two States, but of all those to the 
northward over which the pest ravages in seasons favorable for its 
development. The Texas Agricultural Experiment Station is con- 
templating an experiment whereby they hope, by the artificial intro- 
duction at the proper time of a large number of the natural enemies 
of the “ green bug ” into-these spots of early infestation, to forestall 
a future outbreak. If this can be accomplished it will prove of great 
benefit to the farmers. Whatever the outcome may be, the experi- 
ment seems worth trying. . 
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DEVELOPMENT AND INFLUENCE OF LYSIPHLEBUS TRITICI. 


Although there are several natural enemies of the “ green bug,” 
including one recently described by Dr. L. O. Howard as A phelinus 
| nagritus, yet all of them seem to be of little importance as compared 
| with the one minute parasitic species, Lysiphlebus tritic?. It is this 
| species, or what we are at present terming as such, that normally 
‘holds Toxoptera in check in this country, and so long as its develop- 
‘ment and activity are not obstructed by adverse meteorological condi- 
tions it will probably continue to control it. Indeed, so important is 
this insect and so powerful is its influence that in a short space of 
_from ten days to two weeks it can overcome a most serious outbreak of 
Toxoptera, and thus save from destruction vast areas of growing 
-grain. The species winters over in the field in the body of its host. 
_In many cases these parasites, having been prevented from emerging 
the previous fall by the advent of cold weather, hibernate as nearly 
developed or fully developed adults, ready to emerge when the tem- 
perature rises to about 56° F. and remains there for a sufficient 
length of time. This is clearly shown by the fact that Mr. E. O. G. 
Kelly found hibernating adults at Leavenworth, Kans., on November 
13. In one lot of 50 dead, parasitized Toxoptera that had been 
washed or rubbed from the leaves of the young grain and taken from 
the mud about the wheat plants on February 28, after the winter was 
practically over, Mr. Kelly found 17 containing full-grown larve of 
the parasite, 12 containing pupe of a light color, and 21 containing 
dark-colored pups, the latter evidently ready to develop promptly 
with the advent of warm weather. Mr. Kelly, on the same date, also 
secured a large number of Toxoptera in various stages of development 
that were hibernating in wheat fields near Leavenworth, Kans. The 
weather had been such as to preclude the possibility that these had 
been recently parasitized. Yet some of them soon began to show the 
yellowish color characteristic of Toxoptera parasitized by Lysiphle- 
bus, and adults were afterwards reared from them. This shows con- 
clusively that the Lysiphlebus parasites hibernate in advanced stages 
of development in the bodies of their host, which they have killed the 
‘previous autumn, and also as larve in those passing the winter from 
half to fully grown. 
_ The female Lysiphlebus is even more prolific than the female 
Toxoptera. Mr. Phillips has found females which had upward of 
400 eggs in their ovaries, and Mr. Kelly has reared in some cases 
206 individuals from a single mother Lysiphlebus. The eggs are 
lemon-shaped and white. When excessively abundant this parasite 
will thrust its ovipositor into old and young aphides of both sexes, 
including the sexual female even though previously parasitized; and 
Mr. Phillips has observed that it will even oviposit in the dead bodies 
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of those that have been killed by fungous attack. When its numbers 


are not so great it shows more discrimination and seems to prefer — 


half-grown individuals for oviposition. , 
This species of Lysiphlebus is parthenogenetic, as was first ob- 
served by Mr. Phillips at Richmond, Ind., and afterwards more fully 


2, omen 


elucidated by Messrs. E. O. G. Kelly and T. D. Urbahns at Welling- — 
ton, Kans. The experimental breedings by Mr. Phillips in 1907 


indicated that the offspring of virgin female Lysiphlebus were nearly 
always exclusively males. In a series of upward of 80 breeding 
experiments carried on indoors, in 1908, by Kelly and Urbahns, only 
48 gave results of any kind. In only four of these were females pro- 
duced, the others giving exclusively males. In the 4 exceptional cases 
the females remained virgin, and all finally gave birth to males alone, 
2 with the first generation, 1 with the second, and 1 with the third. 
The mode of procedure was as follows: 

Starting with a mated female, the females from among her off- 
spring were isolated, even before emergence. On their appearance 
these were given Toxoptera reared under cover to preclude parasit- 
ism; the few females from among the second generation were again 
isolated in the same manner, the females in all cases being kept un- 
mated. It was thus found possible to breed a limited number of 
females parthenogenetically to and including the third generation, 
Beyond this all offspring were males, this seemingly being the limit. 
Just why such a large percentage of these experiments should have 
proved abortive is not clear. The conditions under which they were 
carried out were of course unnatural but much more protected from 
the adverse elements of the open field. 

The egg of the Lysiphlebus normally develops to the emerging 
adult in about ten days, during the first six of which the host insect 
remains alive, and at the end of which it commences to take on a 
yellowish hue, the larva of the parasite showing clearly through the 
skin of the abdomen. 

The celerity with which an invasion of Toxoptera is overcome by 
Lysiphlebus is frequently a matter of wonder, as it hardly seems 
possible that this host alone could be the source of the swarms of 
parasites that make their appearance after a few warm days have 
elapsed in the midst of an unseasonably cool spring preceded by a 
winter abnormally mild. 

In order to determine the origin of these myriads of parasites 
Messrs. Kelly and Urbahns began a long series of experiments at 
Wellington, Kans., to determine whether there might not be a mul- 
tiplicity of host species from which great numbers o# Lysiphlebus 
would emanate to fall upon and destroy Toxoptera whenever it be- 
comes excessively abundant. The entire failure to introduce these 
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/parasites in advance of an invasion of this character from the 
jSouth, as was the case in Kansas in May, 1907, has indicated that 
‘such introductions were not possible and that to attempt it was veri- 
itably “carrying coals to Newcastle.” 

‘Female individuals of Lysiphlebus from the cabbage aphis (Aphis 
‘ brassicw L.) taken in the field were first allowed to parasitize Toxop- 
itera and from the latter the adults were obtained. This experiment 
/was several times repeated. Females of Lysiphlebus reared under 
‘cover from the corn root-aphis (Aphis maidi-radicis Forbes) were in 
‘two cases allowed to parasitize Toxoptera and adults obtained. Fe- 
males of Lysiphlebus were taken from Aphis setariw in the field and 
the issuing parasites in two cases allowed to parasitize Toxoptera and 
adults secured. This experiment also was repeated several times. 
‘Female individuals of Lysiphlebus were taken from the corn leaf- 
aphis (Aphis maidis Fitch) in the field and the adult parasites per- 
mitted to parasitize Toxoptera, from which finally the adults emerged. 
‘This experiment was repeated several times. Ifemale specimens of 
Lysiphlebus were taken from the cotton or melon aphis (Aphis 
gossypii Glov.) from 
New Mexico and given 
Toxoptera as a host, the 
adult parasites develop- 
ing successfully there- 
from. Female specimens 
of JLysiphlebus were 
taken from Aphis se- 
tarie in the field and 
Bren Toxopera ax 6% tne ti mh 
host, their offspring 

transferred to A. maidi-radicis, and the next generation transferred 
back to Toxoptera. Female individuals of Lysiphlebus were taken 
from A. setariv in the field and allowed to parasitize Toxoptera, their 
offspring transferred to A. setariw, the next generation to Toxoptera, 
and the following generation to A. brassicw, from which adults were 
secured. 

-In many cases these breedings were reversed. The only cases of 
failure were in attempting to transfer Lysiphlebus issuing from 
Toxoptera to Chaitophorus and in transferring Lysiphlebus issuing 
from Toxoptera to Macrosiphum rudbehie. These experiments were 
reversed with the same results. 

The female goes about, if in grain fields, among the plants, and 
when she finds an aphis she quickly throws her abdomen underneath 
her body and between her legs and with a springlike motion thrusts 
her ovipositor into the body of the aphis (fig. 8), leaving therein a 
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tiny egg. This egg hatches into a larva in a few days, and the usual | 
position in the body of the “ green bug” of the larva up to hoy | 
it becomes full-grown is shown in fig. 6, page 4. Up to this time it 
has fed within the body of the “green bug” without reaching anj 
of the vital parts, but preventing to a greater or less degree the | 
giving of birth to young. This is an important fact, for, as: the 
parasite seems to prefer partly grown yeune, it begins to check the | 
increase of the pest before the death of the “ green bug ” takes place. - 
Mr. Phillips has found that females parasitized at this period of their | 
development do not reproduce for more than a very few days. After | 
about six days the larva of the parasite reaches full growth and becomes 
more active, working its way about within the still living body of its | 
host, which now dies a seemingly terrible | 

deaths The motions of the panetne: larva 
within cause the skin of the “ green bug * q 
to become rotund in shape, as shown in figl | 
9; the skin also becomes darker and 
hardens. Within four days (the life cycle 
in warm weather occupying about ten days) 


the adult Lysiphlebus emerges bien a 


round hole in the dried skin of the ‘ ‘ oreen | 
bug,” as shown also in fig. 9. In fields 
that have been destroyed the leaves become > 
almost covered by their brown bodies, as_ 
shown in fig. 7. As stated, many of the. 
“ oreen bugs ” are stung by the Lysiphlebus | 
while quite young, and if these develop to- 
al winged adults, as they do at times inv 
Fic. 9.—Dead “green bugs,” myriads and drift away to distant fields, | 
ceed ne eine ee they carry the parasite with them in their | 
lebus tritici emerges. The bodies. One of these parasitized winged | 
top nenre shows te Hd tl females is shown in fig. 10 | 
the bottom figure shows the The very act of migration of the “ green 
LCase Enlarged. bug,” therefore, brings the parasite, and | 

} there is no need of artificial introduction, for | 

if the center from which the “ green bug ” is migrating has the para-| 
sites, as it always does, the latter are of necessity carried by their 
hosts, and, fotheceet the adult parasites fly with the latter wily 
favoring winds. | 
DE strong winds the L ysiphlebus does not use its wings, but. 
crawls acu over the plants and probably does not become scattered 
by gales. But in warm, comparatively still weather the writer has 
eee both winged “ green bugs ” and parasites crawling about on | 
the windows of oe ay coaches many miles away front. seriously 
infested fields of grain. 1 
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EXPERIMENTS IN DESTROYING “ GREEN BUGS” OVER SMALL AREAS. 


On leaving Washington both Mr. Ainslie and Mr. Phillips were 
mee cted to pee emeves in the position of a farmer whose grain 
“oreen bug” by 
Ball deadening pate. and to leave nothing undone or Te that 
Fyould seem to atard relief and save the crop. 

f, Mr. Ainslie instituted some experiments in the use of a brush drag 
nt Summers, Ark., and Mr. Phillips carried out similar experiments 
bat Hobart, Okla., but in neither case was the measure sufficiently 
loffective to warrant its recommendation. Experiments in rolling 
Hinfested fields with heavy farm rollers were conducted by both of 
these agents, but it was invariably found that this measure was only 
fective on smooth lands. When the seeding is done with a grain 
Fdrill, as most of it is, the plants grow up in the bottoms of slight 
Hfurrows, and the roller comes 
Pin contact with the ridges only, 


buntouched. This measure, also, 
is therefore of little practical 
hvalue. 

© Mr. Ainslie tried dusting with 
‘lime and also with silos but 
bboth substances were ineffective. 

F Both Mr. Ainslie and Mr. Phil- 
Plips carried out a series of care- Fic. 10.—Winged female of the “green 
ful experiments in spraying with aS areas be eee tritici. 
fkerosene emulsion and_ with ‘ 

'whale-oil soapsuds. From these experiments it was found possible 
} to destroy 50 per cent or more of the “ green bugs” at an expense of 
| about $4 per acre. This treatment, of course, is intended for use only 
where, as seems to be more usual to the southward, the outbreaks of 
, the pest originate in spots in the fields. 

; Mr. Ainslie also tried covering some of these spots with straw and 
burning it, thus destroying, of course, both grain and “ green bugs.” 
| This, too, gave encouraging results, ead pr obably would prove eu: 
ive if applied earlier in the season, when the pest first begins to 
| appear and the infested spots are small. 

' At Hooker, Okla., Mr. Phillips tried the efficiency of plowing these 
! spots under, and as the field in which he was working was isolated 
and the “green bugs” did not make their way in fon without, he 
fwas able to show conclusively that such outbreaks, under certain 
| conditions, may be stopped. 
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In summing up these field experiments, then, it is found that these 
spots may be treated successfully either by plowing under and har- 
rowing and rolling the surface of the ground, by spreading straw 
ever them and burning, or by treating with a 10 per cent solution of 
kerosene emulsion. Except in the southernmost regions infested by 
this pest, however, the greatest difficulty does not arise from these 
isolated colonies, which seem to extend outward day after day, but 
from the fact that, after their food supply has become either largely 
destroyed or the grain too old and tough for them to feed upon, 
immense swarms of winged adults are produced, and these drift, 
in general, northward with the advance of the season and infest the 
grain fields of entire sections of the country much earlier and more 
completely than would be possible from the scanty stock natively 
present. This habit is also seen in the behavior of the pest in its 
original home in Europe. It may therefore prove that the country 
north of the Red River may be more or less protected if the pest can 
be early overcome in northern Texas. 


AGRICULTURAL METHODS OF CONTROL. 


The fact that the “ green bug” in the South originates in spots in 
the grain fields has been alluded to, and also that from these fields 
come the vast swarms of winged females that develop and drift over 
the country, dispersing themselves in uninfested fields. Early sown’ 
fields or fields overgrown with volunteer grain seem especially to 
invite early attack in the more southern localities. Where these im- 
mense swarms settle down ih a section of country, even the best fields 
of grain may succumb to their attacks. But usually, outside of an 
extremely limited area, there is a noticeable difference in intensity of 
attack as between different fields. In Oklahoma and northward, fields 
that have been late sown or that were pastured during the winter 
suffered worst and were the first to be destroyed. It has been fre- 
quently noticed that a field of grain may be totally destroyed, while 
an adjoining field, though seriously injured, will frequently produce 
a partial crop. An investigation of the history of these fields has 
invariably shown that the result in the latter case is due to fertile soil, 
proper cultivation, and seeding at the proper time. It seems to have 
been almost universally true, outside of the limited area of total 
destruction, that the best farmed fields have suffered the least. This 
does not apply alone to wheat, as the writer observed a field of oats 
near Hutchinson, Kans., that gave promise of a fair yield, where 
almost the entire crop would otherwise have been destroyed. ‘The 
owner of this field, who had been obliged to plow up other fields 
where the cultural methods had been the same, expressed his opinion 
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‘that the reason the one field escaped the attack of the “ green bug ” to 
‘such an extent was that it had been for many years in alfalfa, only 
one crop, and that corn, having been taken from it since alfalfa had 
been turned under. He stated that the “ green bug ” was at one time 
vas abundant in this field as in the ones hich he had been obliged to 
‘plow under, but that in the one case the plants had w ithstood the 
‘attack better and were in better condition when the “ green bugs ” 
/ were overcome by the parasites, and thus able to start growth anew 
‘and yield to the owner a fair percentage of a crop. 

| In extreme western Kansas a field of 10 acres of oats lying adjacent 
(to an irrigating ditch, but which had not been irrigated, showed very 
forcibly the effect of irrigation. Along this irrigation ditch was a 
ragged border of eels growing oats from 10 to 30 or 40 feet in 
width where the “ green bug” had nels done no injury. Be- 
lyond this, where the moisture from the irrigating ditch had not 
Hpenetrated, the loss was total. In another case in the same locality 
4a part of the wheat in an unirrigated field came up in the fall and the 
rest not until spring; the former was uninjured by “ green bugs.” 
Hwhile the latter was killed. While late sowing in Texas will prob- 
-ably lessen attack in the fall, it is donbtful if this can be recom- 
‘mended north of the Red River. _ November- -sown wheat was cer- 
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"THE PRESENT “ GREEN BUG” SITUATION IN THE SOUTHERN STATES, 


MA wins lo0o, 


| The situation over the country with reference to a future invasion 
Lof this pest, though not alarming, is sufficiently serious to render a 
word of warning exceedingly appropriate. In widely separated 
ilocalities from Western North Carolina to eastern New Mexico the 
“insect has become sufficiently abundant during March and April to 
lavork considerable injury locally. This shows that the pest has re- 
Yeovered from the severe reverse given it by its natural enemies in 
1907, and that a repetition of the mild winter of 1908-9 and the 
present cold, backward spring will be almost certain to precipitate a 
jmore or less disastrous invasion. Of course no one knows what the 


svolunteer grain coming up in the fields during the coming autumn; 
yand where fall oats are sown, as is generally the case throughout this 
ycountry, the sowing should be delayed as late as possible. aitiec two 


[measures pene: ea tendency to pr event eu pest from becoming so. thor- 
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are the only measures that can be taken that will have a tendency t ) 
ward off an impending invasion. | 

We have found that where serious damage has been done to fields 
of grain in late winter and spring such fields had become seriously 
infested during the preceding autumn. The carrying out of thes 
measures in the southern portion of the country has a tendency t 
protect the grain fields farther north, for we have had additiona 
illustration of the fact that winged individuals are, during the spring 
months, being almost continuously carried northward by the wind. | 

It is somewhat a question as to whether the spring-sown oats far- 
ther north would suffer to a less degree if there were no invasio 
in the South in fields of fall-sown grain, both of oats and wheat. 
While it is not possible for an insect to make its way or be carriec 
by the wind from Texas to northern Kansas, Missouri, southern Ili 
nois, Indiana, and Ohio, nevertheless continuous breedings to th 
southward certainly do influence the numbers over this last-mentionec 
territory. 

If the farmers of the country, instead of being carried away by 
the highly colored newspaper reports of the effect of the introdue- 
tion of a few parasites in their fields, will seek to evade the pest by 
the destruction of volunteer grain in the fall and late sowing in the 
extreme South and turn their attention to better farm methods, in- 
cluding not only cultural methods but by all means rotation of crops 
watching for and stamping out the pest when it first appears in th 
South in the fall and winter, they will in all probability suffer far 
less from destruction of their crops when the next invasion of this 
pest occurs. | 


Approved : 
JAMES WILSON, 
aS. of Agriculture. 


Wasurinoton, D. C., April 27, 1909. 
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CIRCULAR No. 94. Issued July 29, 1907. 


United States Department of Agriculture, 
BUREAU OF ENTOMOLOGY. 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE CAUSE OF AMERICAN FOUL BROOD.! 


ByaG. aa eMen., Ib. D).., 
Kexpert in Bacteriology. 


For several reasons much confusion exists as to the present status of 


our knowledge of bee diseases. It is hoped that this circular will give 


information which will to some extent clear up the subject of American 
foul brood from a bacteriological point of view. The symptoms of this 
disease are given in Circular No. 79 of the Bureau of Entomology, 
entitled “The Brood Diseases of Bees.’? American foul brood is the 


‘prevalent disease in America, and, judging from reports received from 


Europe and from descriptions in Kuropean bee journals and books, it is 


the prevalent one there. There is another diseased condition, which 


Cheyne examined, and to which we now refer as European foul brood. 

When the author began his work on bee diseases in the summer of 
1902 he observed, in combs containing American foul brood, in the 
dried remains of the dead larvee, known as the scales, a very large num- 
ber of spores which failed to grow when inoculated into the media ordi- 
marily used in the laboratory. It was clear, then, that these spores are not 
Bacillus alvei and that this disease is not the ‘foul brood’’ of Cheshire 
and Cheyne. The following year the study was continued and a medium 
was devised in which the spores found in this disease will germinate. 
This medium consists of an agar made by following the directions ordi- 
narily used in the laboratory, with the exception that bee larve are sub- 
stituted for meat. By the use of this medium were obtained pure cul- 
tures of the microorganism which is found so abundantly, in the form 
of spores, in the dried scales of American foul brood. 

In reporting these findings the author referred to this organism as 
“ Bacillus X.”’ Further study was subsequently made, and the species 
Was given the permanent name Bacillus larvw. The description of 
this species may be found in Technical Series No. 14 of this Bureau. 
In his publications the author has made no claim that Bacillus larve 
is the cause of American foul brood, but has made the statement that 
it is found to be present in all the samples of this disease which have 


1The author wishes to acknowledge the assistance of Dr. E. F. Phillips, in 
Charge of Apiculture, under whose direction this work has been done. These 
‘results have been reached since the author has been connected with the apicul- 
tural investigations of the Bureau of Entomology. 
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been examined by him. No inoculation experiments were made, for 
the reason that sufficient cultures in suitable condition could not be 
obtained from any medium then known. 

Since the media used in former investigations are not suitable for 
obtaining cultures for purposes of inoculation, in taking up the further 
study it has been necessary to devise a medium which would be satis- 
factory in this respect. Such a medium has been discovered, and 
large amounts ofthe culture suitable for experimental inoculations have 
been obtained. This medium is prepared and used as follows: Healthy 
bee larvee or young pupe are picked from the comb, crushed, strained 
through cheese cloth, diluted with 20 to 50 times their volume of water, 
filtered through ordinary filter paper, and then passed through an earthen- 
ware filter (the Berkefeld filter is satisfactory) to remove any bacteria 
which are present. The sterile filtrate thus obtained may be pipetted 
into tubes or flasks and stored until needed. When Bucillus larve is 
to be isolated, a tube of the ordinary agar of the laboratory is liquefied 
and cooled to 45° or 50° C. Then about 2 c.c. of the filtrate men- 
tioned above is added to it. A very small amount of the decaying 
larvee affected with American foul brood is then added. The procedure 
from this point is as usual in making agar plate cultures; these plates 
are afterward incubated.. When a large amount of culture is desired for 
experimental purposes it is convenient to use the ordinary agar medium 
in large test tubes to which has been added, as above, about 2 c.c. of 
the sterile larve filtrate. These agar tubes are then inclined and the 
surface of the congealed agar is inoculated. Inno case should the larve 
or filtrate reach a high temperature. The object, of course, is to obtain 
a medium which contains the food constituents which are afforded the 
bacteria in the living larve. 

Inoculation experiments have been made by feeding to a healthy 
colony the scales from combs which had contained brood affected with 
American foul brood. The result of the feeding was that the colony 
became affected by disease, the symptoms of which were the same as 
those observed in the apiary where American foul brood isfound. Like 
symptoms have been produced by feeding scales which had been put 
into ordinary meat bouillon, incubated for twenty-four hours, and then 
heated to 65° C. for twenty minutes. 

On microscopic examination of the decaying larve dead from the 
disease thus produced experimentally, the same large number of spores 
and rods are seen as when samples are examined which are taken from | 
an apiary affected with American foul brood. From these dead larve > 
pure cultures of Bacillus larve were obtained from plates, using the 
new medium described above. These experiments show that by the 
feeding method the disease may be produced and that the contagion is 
found in the scales. The second experiment tends to indicate that the - 


ee 
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-eause of American foul brood as found in the scales is not killed by 
heat at 65° C. applied for twenty minutes. 
Up to the present time there is no authentic record of this disease 
having been produced by experimental inoculations of pure cultures. 
Knowing that by the feeding method the disease may be produced, 
pure cultures of Bacillus larve have been mixed with sterile sugar 
sirup and fed to healthy colonies with the result that the disease 
appeared in the colonies within three weeks with symptoms identical 
with those produced by feeding the scales of the disease. In the ropy 
brown mass of the decaying larve in the disease which is produced 
experimentally by feeding pure cultures of Bacillus larve there are 
found the same large number of spores and rods as when the disease is 
produced by feeding the scales or when the disease is found in an 
apiary. Pure cultures of Bacillus larve have been obtained from the 
larve dead from the disease produced experimentally by feeding pure 
cultures of Bacillus larve. 
Some European investigators of brood diseases omit. the symptoms, 
‘so that it is impossible to tell which disease they are investigating. 
Their descriptions of microorganisms also are entirely too brief. These 
facts have led to much confusion, and they necessitate much additional 
work on the part of other investigators. They have also added to the 
‘present confusion. From what can be gained from their papers, the 
author is inclined to believe that Burri has been working with Bacillus 
larve and has been referring to it as the “bacillus difficult of cultiva- 
tion;’’? that Maassen has been working with Bacillus larve and has 
been referring to it as Bacillus brandenburgiensis, and that von Buttel 
Reepen has referred to Bacillus larve as “‘B. burri.”? It is hoped that 
this confusion may soon cease to exist. 
In the study of Bacillus larve on this new medium some interesting 
additional facts have been observed in the morphology and cultural 
characters of this organism which will be given in a bulletin from this 
Bureau in the near future. One fact is mentioned now because it seems 
to have caused one German investigator, Dr. Albert Maassen, to fall 
into error in the interpretation of certain findings. This fact is that 
‘this species, Bacillus larve, produces a large number of giant whips. 
(Giant whips are at present believed to be in some way a modification 
of flagella, the motile organs of bacteria.) These giant whips appear 
‘in pure cultures of Bacillus larve and persist there for a long time. 
The structures which Maassen evidently saw and reported in two differ- 
ent publications, naming them Spirocheta apis, are nothing other than 
‘giant whips which normally belong to Bacillus larve and which are 
‘formed by the growth of Bacillus larve in the larve of the bee. 
‘ Maassen seems to have no further evidence that the structures which 
(he saw are spirochetes than what could be gained by a microscopic 


‘examination of the remains of the dead larve which had suffered from 
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this disease. The appearance which he interprets as a spirochete in 
the process of division can be seen in the giant whips obtained from 
pure cultures of Bacillus larve. These giant whips are found in the 
decaying larvee which are dead from American foul brood experimentally 
produced by feeding pure cultures of Bacillus larve. 

The author has observed these structures in a large number of exam- 
inations of American foul brood, especially in the hanging-drop prepa- 
rations made directly from the dead larve. There is nothing else 
contained in the dead larve which can be seen that resembles a spiro- 
cheete, and since Maassen made no mention of the giant whips found 
there so abundantly, it is quite certain that he has made this mistake. 

This preliminary note will be followed by a bulletin which will con- 
tain in full the results of recent investigations by others on the brood 
diseases of bees and a detailed account of the work done here. 

The results may be summarized as follows: 

(1) In previous publications the author has made no claim that 
Bacillus larve is the cause of American foul brood. 

(2) A medium has been devised by which cultures of Bacillus larve 
may be obtained in large quantities suitable for experimental inocula- 
tion. This medium consists of the sterile filtrate obtained by diluting 
and filtering the crushed bodies of bee larve through a Berkefeld or 
other fine filter. 

(3) American foul brood has been produced by feeding pure cultures — 
of Bacillus larve, and the symptoms of the disease are the same as 
those produced by feeding the scales of this disease and as those 
observed in the apiary where colonies are affected with this disease. 

(4) The structures described by Doctor Maassen, of Dahlem, Ger- 
many, as spirochetes and named by him Spirocheta apis are not spi- 
rochetes, but normal structures produced by the growth of Bacillus 
larve. These are known in bacteriology as giant whips. 


Approved: 
W. M. Hays, 
Acting Secretary of Agriculture. 


WASHINGTON, D. C., July 15, 1907. 
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L. O. HOWARD, Entomologist and Chief of Bureau. 


‘ 
I THE MOST IMPORTANT STEP IN THE CONTROL OF THE 
BOLL WEEVIL. 


By W. D. HUNTER, 
In Charge of Southern Field Crop Insect and Tick Investigations. 


_ Damage by the boll weevil during the present season (1908) has one 
very peculiar feature. Except in the southern third of the total infested 
area the damage by this insect has been considerably less than normal. 
‘This situation was caused principally by very exceptional climatic con- 
ditions in the fall of 1907 which reduced greatly the numbers of weevils 
= passed through the winter. As these peculiar conditions did not 
extend to the southern limits of the weevil-infested area, the crop has 
be en cut very short in southern localities both in Texas and Louisiana. 
Vith normal conditions during the coming fall and winter the weevil 
p Pehle will be as serious everywhere next year as it has been in the 
southern regions during the present season. This circular points out 
"exactly how planters can avert such a catastrophe. Now is the time to 
prepare for the crop of next season. 

It has been repeatedly pointed out in publications of the Department 
of Agriculture that the most important step in controlling the boll 
“weevil is the removal of the plants from the field as early as practicable 
in the fall. This was one of the original suggestions made by the Chief 
‘of this Bureau when the boll weevil was confined to a comparatively 
‘small area in Texas. Much subsequent work has shown the value of 
the original recommendation. Unfortunately the process of fall destruc- 
fion of plants for controlling the boll weevil has been taken up but 
slowly by the planters. This is largely on account of the practical dif- 
ficulties relating to the tenant system, and the scarcity of labor which 
1as interfered with picking out the crop. 

The agitation of the necessity for procuring an early crop in orn to 
avoid damage by the cotton boll weevil has been carried on to such an 
; extent by the Department of Agriculture that the details have become 
“common knowledge. There is, however, a tendency on the part of 
“ any planters to lose sight of the fact that procuring an early crop is 
but one step, and is strictly secondary to the great essential step, namely, 
the destruction in the fall of the plants in the field. As a matter of 
fact, early planting, the use of early varieties, and the use of fertilizers 
are simply to further the advantage gained by the process of fall 
destruction. 

a. A PRACTICAL ILLUSTRATION. 


In the fall of 1906 the Bureau of Entomology conducted a large prac- 
tical field test of the effectiveness of fall destruction of the plants in the 
control of the weevil. An isolated locality was found in Texas where 
over 400 acres of cotton were grown. There was no other cotton grown 
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in any direction nearer than 15 miles. Through an agent of the Bureau, 
Mr. J. D. Mitchell, to whom great credit is due for the direct manage- 
ment of the matter, arrangements were made by contract with the 
farmers concerned, under which all the cotton plants were uprooted and 
burned during the first ten days in October. Provision was also made 
to prevent the growing of volunteer or sprout cotton. In this way an 
opportunity was obtained for an ideal experiment to show what can 
be accomplished by the procedure that is now recommended by the 
Department. About 15 miles from the locality in which the experi- 
ment was performed a considerable quantity (295 acres) of cotton was 
grown. In this region the stalks were not destroyed in the fall, and 
observations made here have been used as a check upon the experi- 
mental area. The class of farmers is about the same in the two local- 
ities. The experiment was performed at Olivia, in Calhoun County, 
Tex., and the cotton utilized as a check was located at Six Mile, a set- 
tlement across Lavaca Bay, in the same county. 

Mr. Mitchell visited the Olivia and Six Mile localities early in May, 
1907. At that time, in the former area, extensive search revealed but a 
single weevil. In the Six Mile locality, however, the weevils were so 
numerous that practically all the squares had become infested. Other 
examinations were made, all of which showed the same advantage in 
regard to freedom from the weevil of the area in which the stalks were 
destroyed. On August 20 Mr. Mitchell found an average of over 10 
bolls per plant at Olivia and only 3 bolls per plant in the check area. 

The conspicuous results of the experiment, however, are revealed by 
the increased yield shown after the cotton was picked. The average in 
all fields at Olivia was 0.41 bale as against 0.15 at Six Mile. This 
increase of slightly over a quarter of a bale per acre (to be exact, 0.26 
bale) was due to the destruction of the stalks. In order to determine 
the exact financial advantage to the farmers at the Olivia locality, a 
calculation has been made on the basis of the separate sale of lint and 
seed. At Olivia the crop following the destruction of the plants aver- 
aged 615 pounds of seed cotton per acre, that is, 205 pounds of lint 
and 410 pounds of seed. At the Six Mile settlement the average yield 
of seed cotton per acre was 225 pounds, that is, 75 pounds of lint and 
150 pounds of seed. It is evident that the work done in the destruc- 
tion of the plants at Olivia resulted in the gain of 130 pounds of lint 
and 260 pounds of cotton seed per acre. On the basis of a value of 10 
cents per pound for the lint and of $12 per ton for the seed, the increase 
amounted to $14.56 peracre. This is about 29 times the cost of uproot- 
ing and burning the plants the preceding fall, as shown by the actual 
amount the Department paid for the work. 

The full importance of the results just mentioned can not be realized 
until it is understood that the soil at Olivia is much less fertile than 
that at Six Mile. Mr. Mitchell, who is thoroughly familiar with the 
productiveness of lands in that part of the State, estimated that the Six 
Mile land is at least a third more fertile than that at Olivia. This esti- 
mate was more than borne out by the amount of seed produced at 


the two places during the season of 1907. At Six Mile the average 
height of the plants, determined by measuring, was 4 feet, while | 


Olivia the average was 2.2 feet. The estimate recorded of the adva 


tage resulting from the work at Olivia is made without reference to thi 


difference in fertility. 
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_ The practical experiment, as has been stated, returned substantially 
29 times the cost of the necessary outlay. Under other conditions this 
advantage would necessarily be smaller. The experiment was carried 
on purposely to show the great advantage of fall destruction where 
there are no other factors to interfere with the results. Where cotton 
is less isolated than that at Olivia there will be less effective results, of 
course, on account of the influx of weevils from fields that may not 
have been properly treated. Nevertheless, such conditions could not 
possibly obliterate all effectiveness. In fact, only the most extreme 
and exceptional conditions could possibly result in reducing the advan- 
age obtained in the experiment by more than 50 per cent. That means 
that any cotton planter, by the process of fall destruction, can insure 
himself an increased yield to the value.of from $5 to $10 per acre by a 
small amount of work at the proper time in the fall. 


REASONS FOR THE DESTRUCTION OF THE PLANTS IN THE FALL. 


There are four principal reasons why the process of fall destruction 
recommended in this circular should be practiced universally by plant- 
ers in infested regions: 
| First.—Fall destruction prevents absolutely the development of a 
multitude of weevils which would otherwise become adult within a few 
weeks of the time of hibernation. The destruction of the immature 
stages of weevils in infested squares and bolls is accomplished, while 
the further growth of squares, which may become infested later, is also 
prevented. This stops materially the development of weevils which 
would normally hibernate successfully, and by thus decreasing the 
number of weevils which will emerge in the spring the chances for a 
successful crop the following season are very greatly increased. 

_ Second.—A proper manipulation of the stalks will bring about the 
destruction of a great majority of the weevils which are already adult. 
This will be accomplished partly by causing the starvation of many 
weevils before the natural time for hibernation, and partly by exposure 
to severe cold during the fall and winter. . 

 Third.—It has been shown conclusively that the bulk of the weevils 
which survive the winter are those which reach maturity late in the 
season. It is evident that the weevils that pass the winter and attack 
the crop of the following season are among those developed latest in 
the fall and which, in consequence of that fact, have not exhausted 
their vitality by depositing eggs for any considerable length of time. 
Fall destruction of the plants, increasing the length of the hibernating 
period, reduces many fold the number of weevils in the fields that 
would ‘otherwise emerge in the spring to damage the cotton. 

_ Fourth.—Clearing of the field in the fall makes it possible to prac- 
tice fall plowing, which is not only the proper procedure in any system 
bf cotton raising, but also greatly facilitates the early planting of the 
crop the following spring. The ground becomes clean by this practice, 
so that but few places for shelter are left to the weevils, and various 
climatic conditions still further reduce the number of the survivors. 


i DATA UPON WHICH THE FOREGOING REASONS ARE BASED. 


The reasons for fall destruction given above are based upon a very 
arge amount of data from actual experiments and the work of various 
planters, The information at hand was greatly amplified in a series of 
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- large-scale experiments carried on during the winter of 1906-7. Three 
large cages (50 by 20 feet) were built over growing cotton at Dallas, 
Calvert, and Victoria, in Texas. In different compartments of these 
cages nearly 70,000 weevils were placed; several thousand in each 
compartment. After the weevils were placed inside, the plants were 
removed from the first section about the middle of October. At regular 
subsequent dates other sections were treated in exactly the same man- 
ner. Consequently the results for each locality show exactly what a 
farmer could have accomplished by the destruction of the plants at dif- 
ferent times. The full results will be published in Bulletin 77, of this 
Bureau, by Dr. W. E. Hinds and Mr. W. W. Yothers, who have had direct 
charge of the work. In this connection it is necessary to call attention 
to only a few features. 

In practically all cases the smallest survival of weevils was found in 
those cages from which the plants were removed at the earliest dates, and 
the number of survivors increased regularly as the dates of destruction 
became later. For instance, at Dallas out of between two thousand and 
three thousand weevils in each cage, only 2.5 per cent survived when 
the plants were removed on October 13; 4 per cent survived destruction 
of the food supply on October 16; 6.2 per cent survived destruction on 
October 19; 12.2 per cent survived destruction on November 6, and 
14.7 per cent survived destruction on November 12. These figures indi- 
cate that practically seven times as many weevils survived after destruc- 
tion of plants on November 12 as survived after a similar destruction 
on October 13. This is a most striking illustration of the effect of 
early destruction. 

In the cages at Dallas, Calvert, and Victoria, from which the plants 
were removed in Romeece. 14. 26 per cent survived, while 4.41 per cent 
survived removal of the plants in October—that is, the cutting off of 
the food supply in November resulted in the survival of three times as 
many weevils as survived when the work was done in October. These 
figures are based upon averages of eight large cages at the three locali- 
ties in which October destruction took place, as compared with seven 
similar cages in which the plants were removed in November. | 
TIME FOR DESTRUCTION OF THE PLANTS. | 


It is naturally impossible to fix any date for the destruction of the 
stalks which would apply to all localities and under all conditions. 
The condition of the soil must be considered as well as the maturity of. 
the crop. While the condition of the soil can not be controlled, the 
time of the maturity of the crop, except in extremely unfavorable sea-_ 
sons, is largely within the power of the planter, since by early planting 
of early maturing varieties the entire crop may be matured before the 
usual time of picking of the first cotton from native seed. Neverthe 
whatever modifications are necessary in different localities and durin 
different seasons, they do not decrease the general strength of the 
epinncadatone: a} 

The proper time for the destruction of the plants in the fall is wher 
ever the weevils have become so numerous that there is no prospe 
that any more cotton will be made. It will be an easy matter for an 
planter to determine this point by an examination of a few plants i 
his field. Whenever it is found that all, or nearly all, of the a | 
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and some of the bolls are being punctured, there is no hope for 
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ducing any more cotton. The farmer should then wait until the bolls 
already set on the plants have opened, and destruction should then 
take place immediately. 

_ The rule should consequently be that the plants should be destroyed 
in the fall whenever all or practically all of the fruit is being damaged, 
regardless of whether this is in September or November. In the great 
majority of cases in Texas and in Louisiana the month of October would 
be the proper time. In many cases earlier destruction could and should 
be practiced. Nevertheless, it should not be thought that fall destruc- 
tion will be useless after the time mentioned. Even until much later 
many weevils in the remains of bolls hanging to the plants may be 
destroyed, but the process loses in value the longer it is deferred. By 
all means, if possible, the destruction of plants should take place before 
frost, but destruction after frost, though not nearly as efficacious as 
earlier destruction, should always be practiced when it has not been 
possible to remove the plants previously. 


" METHOD OF REMOVING THE PLANTS. 


The common practice of removing the cotton stalks from the fields 
by the use of the stalk cutter (a wheeled cylinder provided with knives) 
is not effective in the fall destruction that should be practiced to avoid 
damage by the boll weevils. The stalks remaining in that case dur- 
ing mild weather give rise to sprouts, which furnish an abundance of 
food to weevils that would otherwise starve. Moreover, the fact that 
this machine cuts the stalks into short pieces makes the necessary col- 
lection of them difficult. 

There are two effective methods of removing the plants from the 
ground. One of these, the method to be preferred, is to cut the roots 
2 or 3 inches beneath the surface by the use of an ordinary plow. The 
other is to pull out the stalks by the use of a lever provided with a 
toothed notch which grasps the base of the plant. The latter process 
is better adapted for use when the plants have been killed by frost. 
When they are still green, or the ground is dry, it is frequently a diffi- 
‘cult matter to remove them with these levers. The Department’s 
general recommendation, therefore, is that the plants should be plowed 
‘out. As soon as possible after this i is done they should be collected by 
hand or by means of rakes and brought together in large heaps or 
‘windrows. It is very important that this collection should take place 
before the leaves have become dry and have dropped off. When the. 
plants are carried to heaps immediately after uprooting, all of the leaf- 
age. which will dry i in a few days, remains to facilitate the burning of 
the stalks. 

_ After the stalks have become dry enough they should be burned. If 
ithe weather be fair, this can be done in about two weeks. If rains 
‘cause a lengthening of this period, it would undoubtedly be worth the 
cost to the planter to purchase crude oil sufficient to bring about the 
somplete burning of all the stalks. 

It is not considered necessary to leave any trap rows to attract such 
weevils as may have escaped the burning. The weevil seems to have 
but little tendency to be attracted to such plants. After the destruc- 
tion of the main crop the spread would probably be in all directions 
and the numbers collected on the trap rows would consequently be 
inconsiderable. The time and expense of properly carrying on the 


hand picking of the weevils and infested fruit on trap rows would be al 
considerable handicap to the method on many plantations. Neverthe- 
less, on small places where suitable labor is abundant, traps could con- 
veniently be left. In such cases they should be situated on those sides 
of the fields which are generally leeward. They should be examined 
daily for weevils and infested squares and bolls, which should be 
immersed in crude oil. After such collection for ten days, the trap. 
plants should be uprooted and burned immediately with the aid of 
crude oil. 

The suggestion has been made at various times that grazing the cota 
ton fields with cattle is in some cases equivalent to destruction in the 
way that has been suggested. However, in many parts of the infested 
area there are not sufficient cattle to accomplish the work, and, more- 
Over, in very many fields the cattle, by disseminating Johnson grass 
and other plant pests, would undoubtedly do more harm than good. 
At the same time the most thorough grazing always leaves a few green 
sprouts or leaves upon which weevils may feed, and of course leaves” 
the stalks standing, so that the process of leafine for the benefit of the 
weevils, may continue indefinitely. Where the condition of the fields 
permits and the supply of cattle is sufficient, grazing the fields should 
be practiced, but this can not generally be the case in the infested area. 
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DIFFICULTIES. “e ; 


The Department of Agriculture understands that there are some diffi- 
culties in the way of a universal following of the recommendations 
given in this circular. The principal ones are the almost universal hope 
for a top crop and in the labor conditions consequent from the more or 
less universal tenant system of producing the staple. These difficulties. 
are increased by the general scarcity of labor in the South, which is 
becoming more and more a serious problem in raising cotton. | 

platens 4 in infested localities must understand that with the presence 
of the weevil there is no longer any hope of a top crop. It is true that 
alter considerable cotton has matured, and after the plants have applied 
their energy to the formation of seeds and lint, fall rains often stimulate 
the production of a great number of squares. Many planters are siclale 
by this into the hope of gathering a large top crop. The joints of the 
plant are short and the squares are formed rapidly and close together. 
Though weevils may have been exceedingly numerous in the fields, the 
presence of this abundance of food causes them to scatter, and fey are 
consequently temporarily somewhat less in evidence. In many cases 
blooms appear and the hope for a top crop increases. Nevertheless, 
this production of squares also contributes to the production of a large 
number of weevils late in the season and just at the time for their suc- 
cessful hibernation. As a result of this fact great injury is done to the 
crop of the following season, with no gain whatever, or a very small - 
one, in the yield of the current season. From these considerations it — 
seems plain that within the weevil territory all hope of a top crop must ; 
be given up and the destruction of the plants be practiced as early | | 
the fall as possible. | 

Another important difficulty lies in the tenant system. It is usuall 
the practice to terminate the work of the tenant with the picking of the 
cotton, leaving the clearing of the field for the next cropper. At present, | 
after the cotton is picked the tenants frequently move to other plantag | 
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tions or to other parts of the same plantation. It should not be a dit- 
ficult matter for planters to induce their tenants to practice the fall 
destruction of the plants as the last step in the production of a crop. 
Tn any case the plants have to be removed before the ground can be 
prepared for planting the following season; and the present recom- 
‘mendation merely involves applying, at a time some months earher, 
the same amount of labor as is necessary in the spring. The best solu- 
tion of the difficulty arising from the tenant system would be in the 
inclusion, in the agreement between the landlord and the tenant, of a 
provision which would bind the latter to clean the land thoroughly 
before leaving it. 
In a comparatively small area in southwestern Texas it might be 
considered that there would be a further objection in the practice which 
some farmers have of encouraging the growth of volunteer or seppa 
cotton in the hope of procuring an early and inexpensive crop. As has 
been repeatedly pointed out by the Department of Agriculture, this is 
beyond question the worst possible practice in weevil-infested regions. 
The disastrous experience of several counties in the southern portion of 
the State during several seasons has abundantly demonstrated the force 
of the warnings that have been issued from time to time. The staple 
produced by volunteer plants is short, kinky, and undesirable. Before 
the advent of the weevil the only reason for encouraging such growth 
was to procure the first bale. Now, on account of its very detrimental 
bearing on the weevil problem, any attempt to raise cotton from volun- 
teer cotton should by all means be discouraged. 
The point may be raised that the burning of the plants in the fall 
removes valuable fertilizing constituents and that the continuance of 
he practice would seriously reduce the fertility of the soil. In refer- 
ence to this matter, however, it must be stated that the present general 
practice is to clear the fields by burning the plants in the spring. 
Therefore, practically the only additional draft upon the soil by the 
method recommended is in the burning of many of the leaves and a 
portion of the roots. However, destruction of the plants can only take 
place after many of the leaves have fallen, and, in other cases, when 
the plants have become completely defoliated by the cotton caterpillar. 
The fertilizing constituents in various parts of the cotton plant have 
‘been carefully determined.1 An estimate of the value of all the con- 
stituents which could possibly be removed by fall destruction, based 
upon the schedule of trade values adopted by experiment stations for 
1898, shows that the loss per acre would be very small. It is plain 
that ‘the planter could not only regain this small loss but actually 
greatly increase the fertility of the land by the use of commercial fer- 
ae which would cost an inconsiderable amount in comparison with 
e gain in the following crop, as a result of lessened damage by the 
boll weevil. In some cases, of course, the removal of humus furnished 
by the stalks may be more important than the removal of the fertilizing 
elements. It is urged, however, that the cheapest and most effective 
way to add humus to the soil is by green manuring, which is receiving 
more and more attention throughout the cotton belt. 
* As a matter of fact, the preceding objections are not necessarily 
ot. They deal with general changes in cotton culture made neces- 


| ‘ 1See Bulletin 33 of the Office of Experiment Stains of this Department, pp. 
1 to 142, 
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sary by the ravages of the boll weevil. As is beginning to be well 
known to planters, it will not be possible for tenants to work as much 
land as formerly. More cotton will be produced by decreasing acreages 
and increasing the attention given to what remains. If this is done 
the objections mentioned will largely disappear. 


a 


* 
CONCLUSION. | 


Having studied and tested the methods of weevil control which have 
been hitherto recommended, the writer firmly believes that the destruc- 
tion of the stalks in the early fall is the most effective method known 
of actually reducing the numbers of the pest. This destruction will 
cost but a small fraction of the expense necessary in the frequent pick- 
ing up in the spring of the squares infested by the hibernated weevils, 
and is far more thorough as a means of reducing the numbers of the 
weevil than is the practice of picking hibernated weevils from the 
young plants. Early destruction of the stalks is essential to the great- 
est success of any system of controlling the pest. All other practices 
recommended, though very valuable in securing a crop, are of the great-. 
est value as they are followed in connection with this one prime essential. 
Since the earliest investigations of the boll weevil made by this Depart- 
ment, it has been recognized and pointed out by Dr. L. O. Howard that 
this practice is of the first importance, and the experience of recent 
years has added but certainty to this conviction. A number of planters 
have adopted it, and their work and the large-scale work by the Bureau 
of Entomology have abundantly demonstrated its effectiveness. J¢ 
must not be thought that the procuring of the immediate crop is the 
only thing to be desired. Karly and complete destruction of the stalks 
is undoubtedly the most important single element insuring success for 
the subsequent year. 

Concerted action in fall destruction is, of course, desirable. The 
greatest benefit will result only when whole communities adopt the 
method. But no planter should hesitate on account of the indifference 
of his neighbors. The fact that weevils move about but little until the | 
time when the bulk of the crop is safe will assist materially in saying 
one field though near-by ones have not been properly treated, and even 
under such circumstances the success of the method in one field will be 
a powertul stimulus toward its general adoption the following season. 

It is true that the recommendations contained in this circular involve 
considerable change in the culture of cotton. Nevertheless the impor- | 
tant changes that have been brought about, up to this time, in the use 
of improved seed and fertilizers have also been revolutionaty in their 
character. It is hoped by the Department that the agencies assisting 
in this matter—namely, organizations of business men—will everywhere 
devote the same energy toward encouraging the practice of what is, afte 
all, the most important step in maintaining the supremacy of the cottor 


crop in the weevil territory. : 
Approved : ) 
JAMES WILSON, | 
Secretary of Agriculture. 
WASHINGTON, D. C., September 3, 1908. } 
S | 
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tA PLUS IMPORTANTE MESURE A PRENDRE CONTRE LE BOLL-WEEVIL 
u (LE CHARANCON DE LA BALLE DU COTON). 


j Par W. D. Hunter, 
Chargé des investigations concernant les insectes des récoltes du Sud et les tiques. 


Les ravages causés par le boll-weevil pendant la présente saison 
908) ont un aspect tout spécial. Sauf sur le tiers méridional de 
4tendue totale infestée, les ravages causés par cet insecte ont été 
len au-dessous de Vordinaire. Cet état est dt principalement aux 
* nditions climatériques toutes exceptionnelles de |’automne de 1907 
. ai ont grandement réduit le nombre des weevils ayant résisté a 
“iver. Comme ces conditions particuliéres ne se sont pas étendues 
‘1x limites méridionales de la superficie infestée par le weevil, la 
jscolte en a été trés diminuée dans les localités méridionales et du 
texas et de la Louisiane. Si les conditions sont normales pendant 
iwitomne et l’hiver prochains, le probléme du weevil sera partout 
4ssi sérieux, l’année prochaine, qu’il l’a été dans les régions méri- 
ionales pendant cette saison. Cette circulaire indique exactement 
fux planteurs la maniére d’éviter une pareille catastrophe. Nous 
symmes au moment ot il faut prendre ces mesures pour la récolte 
ae la saison prochaine. 
d On a souvent indiqué dans les publications du Département de 
Agriculture que le moyen le plus important dans la lutte contre le 
boll-weevil consiste & enlever du champ les plantes aussitot que pos- 
sible en automne. Cette idée est l’une des premiéres que suggéra le 
Chef de ce Bureau, alors que le boll-weevil n’existait que sur une 
superficie Pee tient peu considérable du Texas. Beaucoups de 
ia accompli subséquemment a démontré la valeur de ce premier 

mseil. Malheureusement les planteurs n’adoptérent que lentement 
le procédé de destruction automnale des plantes destiné 4 arréter les 
vages du boll-weevil. Ce qui est dfi en grande partie aux difficultés 
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pratiques concernant le systeme de louage (tenant system), et a la 
rareté de la main d’ceuvre qui a mis obstacle & l’enlévement de la 
récolte. 

L’agitation créée par le Département de ]’Agriculture pour con- 
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vaincre de la nécessité qu’il y a & obtenir une récolte hative pour 
éviter les ravages du boll-weevil du coton a été poussé 4 un tel 
point que les détails en sont devenus de connaissance générale. Il 
n’en existe pas moins chez beaucoup de planteurs une tendance & 
perdre de vue ce fait qu’obtenir une récolte hative n’est qu’une 
seule mesure et est strictement secondaire & la mesure essentielle, la 
destruction automnale des plantes dans le champ. En fait, planter 
de bonne heure, employer des variétés précoses, et se servir d’en- 
grais, tout cela n’a pour but que d’accroitre les avantages obtenus 
par la destruction automnale. 


UN EXEMPLE PRATIQUE. 


Pendant l’automne de 1906 le Bureau d’Entomologie s’est livré & 
un essai pratique en grand—dans les champs—sur l’efficacité de la 
destruction automnale des plantes pour se rendre maitre du weevil. 
On découvrit au Texas une localité isolée ot se cultivaient plus de 
400 acres decoton. Il n’existait aucune autre culture de coton en deca 
de 15 milles. Par lintermédiaire d’un agent du Bureau, M. J. D. 
Mitchell, auquel revient grand honneur pour la maniére dont il a 


furent arrachées et brilées pendant les dix premiers jours d’octobre 
et une stipulation y fut faite ayant pour but de prévenir la pousse 
des rejetons du coton ou des ‘‘volunteers.” De cette maniére on eut 


x 


l'occasion de faire une expérience idéale destinée & montrer ce que 


conduit l’affaire, des contrats furent passés avec les fermiers inté- | 
ressés, conformément aux termes duquel toutes les plantes de coton 


peut accomplir le procédé actuellement recommandé par le Départe- 


ment. A 15 milles environ de la localité ot était conduite l’expé- 


rience, se trouvait un champ de coton d’une surface considérable | 


(295 acres). Dans cette région les chaumes ne furent pas détruits 
pendant l’automne, et les observations faites ici ont été employées 
comme champ de comparaison au champ d’expérimentation. La 
classe de fermiers est & peu prés la méme dans les deux localités. 
L’expérience a eu lieu & Olivia, dans le comté de Calhoun, Texas, et 
le coton employé comme champ de comparaison était situé & Six 
Mile, colonie établie sur |’autre rive de la baie Lavaca, méme comté. 

M. Mitchell visita les localités d’Olivia et de Six Mile dans les pre- 
miers jours de mai 1907. Des recherches étendues ne révélérent 
alors, dans la localité d’Olivia, la présence que d’un seul weevil. Mais 
dans la localité de Six Mile les weevils étaient si nombreux qu’on peut 
dire que toutes les feuilles florales (squares) en étaient infestées. On 
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se livra & d’autres recherches qui toutes démontrérent la méme 
-supériorité touchant l’absence du weevil sur la superficie ot l’on 
avait détruit les chaumes. Le 20 aoftt M. Mitchell trouva une 
moyenne de plus de 10 balles par plante sur le champ d’expérience & 
- Olivia et seulement 3 balles par plante sur le champ de comparaison. 
! Bien plus, les résultats remarquables de cette expérimentation se 
trouvent révélés par l’accroissement de rendement que montra la 
_récolte de coton. La moyenne des champs d’Olivia fut de 0.41 balle 
» (bale) contre 0.15 4 Six Mile. Cette augmentation d’un peu plus 
~ dun quart de balle par acre (exactement 0.26 balle) est*dt 4 la des- 
_ truction des chaumes. Dans le but de déterminer exactement le 
profit pécuniaire en résultant pour le fermier de la localité d’Olivia, 
on fit un calcul basé sur la vente séparée du coton et de la graine. 
A Olivia la récolte qui suivit la destruction des plantes atteignit une 
moyenne de 615 livres de coton en graine par acre, c’est-a-dire 205 
_ livres de coton et 410 livres de graine. A la colonie de Six Mile le 
rendement moyen de coton-graine par acre fut de 225 livres, soit 75 
livres de coton et 150 livres de graine. [II est évident que le travail 
accompli dans la destruction des plantes 4 Olivia a donné un gain de 
_ 130 livres de coton et de 260 livres de graine de coton par acre. Si 
_ Yon se base sur une valeur de 10 cents par livre pour le coton et $12 
par tonne pour la graine, on trouve une augmentation de $14.56 par 
acre. Ce qui représente environ 29 fois le coft du déracinement et 
du brilage des plants accomplis l’automne précédent, ainsi que le 
_ prouve la somme payée par le Département pour ce travail. 
On ne peut se faire une idée juste de toute l’importance des résul- 
_ tats qui viennent d’étre mentionnés que si l’on se rend compte que 
le sol d’Olivia est beaucoup moins fertile que celui de Six Mile. M. 
_ Mitchell, qui est entiérement au courant de la productivité des terres 
dans cette partie de l'état, a estimé que la terre de Six Mile est d’un 
tiers au moins plus fertile que celle d’Olivia. Cette estimation a été 
plus que corroborée par la quantité de graine produite aux deux 
endroits pendant la saison de 1907. A Six Mile la hauteur moyenne 
des plants, déterminée en les mesurant, était de 4 pieds, tandis qu’a 
Olivia la moyenne était de 2.2 pieds. L’estimation consignée de 
_ lavantage du travail accompli & Olivia est faite indépendamment de 
cette différence de fertilité. 
_ L’expérimentation pratique, comme on !’a dit, a rapporté réelle- 
ment 29 fois le coft des déboursés nécessaires. Dans des conditions. 
différentes cet avantage serait nécessairement moindre. L’expéri- 
_ Inentation fut faite dans le but exprés de montrer le grand avantage 
_ de la destruction automnale 14 ot il n’existe point d’autres agents 
 entravant les résultats. La ot le coton est moins isolé que celui 
— d Olivia, il y aura naturellement moins de résultats effectifs & cause de 
_ affluence de weevils venant de champs qui pourront n’avoir pas été 
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elficacement traités. Néanmoins, de pareilles conditions ne pour- 
raient absolument point oblitérer toute efficacité. En fait, les plus 
extrémes et les plus exceptionnelles conditions pourraient seules 
airiver a réduire de plus de 50 pour cent l’avantage obtenu dans 
Vexpérimentation. D’ot il résulte que tout planteur de coton, grace 
au procédé de destruction automnale, peut s’assurer une augmenta- 
tion de récolte d’une valeur de $5 & $10 par acre, au prix d’un peu de ~ 
travail fait au bon moment en automne. 


RAISONS POUR LESQUELLES ON DEVRAIT DETRUIRE LES PLANTES EN 
AUTOMNE. 


Il y a quatre raisons principales pour que le procédé de destruction 
automnale recommandé dans cette circulaire soit universellement 
adopté par les planteurs des régions infestées. 

Premgrement.—La destruction automnale prévient absolument le 
développement d’une multitude de weevils qui, sans cela, devien- 
draient adultes dans |’espace de quelques semaines avant le temps de 
Vhibernation. La destruction des phases d’immaturité des weevils 
dans les feuilles florales (squares) et balles infestées s’accomplit, et la 
eroissance ultérieure de feuilles florales (squares) pouvant devenir 
infestées plus tard est également empéchée. Cela arréte sensiblement 
le développement des weevils qui, ordinairement, hiberneraient effica- 
‘cement, et, en diminuant ainsi le nombre des weevils qui surgiront au 
printemps, les chances d’avoir une récolte fructueuse 4 la saison sui- 
‘vante se trouvent trés grandement accrues. | 

Deuxriemement.—Une bonne manipulation des chaumes faite & 
propos aménera la destruction d’une grande majorité des weevils qui 
sont déja adultes, destruction qui résultera, en partie, de ce qu’un 
grand nombre de weevils mourront de faim avant le temps naturel 
de l’hibernation et, en partie, de leur exposition au froid rigoureux 
pendant l’automne et l’hiver. 

Troisiemement.—Il a été démontré d’une maniére concluante que 
la plus grande partie des weevils qui survivent 4 l’hiver se compose 
de ceux qui atteignent la maturité dans la derniére partie de la saison. 
Il est évident que les weevils qui passent l’hiver et attaquent. la 
récolte de la saison suivante sont de ceux qui se sont développés le 
plus tard en automne et qui, en conséquence de ce fait, n’ont pas 
épuisé leur vitalité en pendant des ceufs durant un espace de temps 
considérable. La destruction automnale des plants, en accroissant la 
longueur de la période d’hibernation, réduit de beaucoup le nombre, 
dans les champs, des weevils qui, sans cela, surgiraient au printemps 
pour endommager le coton. 

Quatriemement.—En déblayant le champ en automne on rendra 
possible le labourage d’automne, ce qui est non seulement le vrai 
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_ procédé dans toute méthode de culture du coton, mais ce qui facilite 
- encore grandement le semage hatif au printemps suivant. Le terrain 
se trouve net par cet usage, de sorte qu’il ne reste aux weevils que peu 
_d’endroits ot s’abriter et diverses conditions climatériques réduisent 
~ encore plus le nombre des survivants. 


DONNEES SUR LESQUELLES SONT BASEES LES RAISONS QUI PRE- 
CEDENT. 


Les raisons données ci-dessus en faveur de la destruction autom- 
-nale sont basées sur une trés grande quantité de données résultant 
_ d’expérimentations et sur les opérations de divers planteurs. Les 
renseionements obtenus se sont grandement accrus dans une série 
_ d’expérimentations faites sur une grande échelle pendant |’hiver 
1906-7. On construisit trois grandes cages (50 pieds par 20) audessus. 
de coton en croissance 4 Dallas, 4 Calvert, et & Victoria, dans le 
Texas. Dans différents compartiments de ces cages on mit prés de 
_ 70,000 weevils; plusieurs milliers dans chaque compartiment. Aprés. 
_ avoir placé les weevils dedans, on enleva de la premiére section les 
plantes vers le milieu d’octobre. A des dates subséquentes et régu- 
_jiéres, d’autres sections furent traitées exactement de la méme ma- 
niére. Les résultats pour chaque localité montrent done exactement. 
ce qu’un planteur aurait pu accomplir par la destruction des plantes: 
a différentes époques. Les résultats complets seront publiés dans. 
le Bulletin 77 de ce Bureau, par le Dr. W. EK. Hinds et M. W. W. 
-Yothers, qui ont eu la direction du travail. A ce propos il n’est néces- 
saire d’appeler l’attention que sur quelques points. 
_ Dans presque tous les cas ce fut dans les cages dont les plants 
avaient été enlevés le plus tot qu’on trouva la moindre survivance 
de weevils, et le nombre des survivants augmentait réguliérement. 
-& mesure que les dates de destruction devenaient plus tardives. 
Par exemple, a Dallas, sur 2,000 & 3,000 weevils dans chaque 
cage, 2.5 pour cent seulement survécurent quand les plants furent 
-enlevés le 13 octobre; 4 pour cent survécurent 4 la destruction de 
Vapprovisionnement de nourriture du 16 octobre; 6.2 pour cent sur- 
-vécurent A la destruction du 19 octobre; 12.2 pour cent survécurent. 
4 la destruction du 6 novembre, et 14.7 pour cent survécurent & la 
destruction du 12 novembre. Ces chiffres indiquent qu’en fait sept 
fois autant de weevils ont survécu apres la destruction des plants du 
12 novembre qu'il en a survécu apres la méme destruction du 13 octobre. 
Cet exemple montre d’une maniére frappante Veffet de la destruction 
hatwe. 
__ Dans les cages & Dallas, 4 Calvert, et & Victoria, d’ot les plants 
furent enlevés en novembre, 14.26 pour cent survécurent, tandis que 


_ 4.41 pour cent survécurent a |’enlévement des plantes en octobre— 
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e’est-a-dire que la suppression de la source de nourriture faite en 
novembre permit la survivance de trois fois autant de weevils que 
la suppression faite en octobre. Ces chiffres sont basés d’une part 
sur la moyenne de huit grandes cages dans les trois localités ot 
la destruction d’octobre eut lieu et, d’autre part, sur sept cages sem- 
blables dans lesquelles les plantes furent transportés en novembre. 


EPOQUE FAVORABLE A LA DESTRUCTION DES PLANTES. 


Tl est naturellement impossible de fixer pour la destruction des 
chaumes une date qui convienne & toutes les localités et 4 toutes 
les conditions. Il faut tenir compte de l'état du sol aussi bien que 
du degré de maturité de la récolte. Quoique l’état du sol ne soit 
pas-au pouvoir du planteur, l’époque de la maturité de la récolte, 
sauf dans des saisons extrémement défavorables, dépend grande- 
ment de lui, puisque, en plantant de bonne heure des plantes de 
maturité précoce, la moisson entiére peut mirir avant |’ époque ordi- 
naire ot l’on récolte le premier coton provenant de graine indigéne. 
Toutefois, quelles que soient les modifications nécessaires suivant les 
localités et les saisons, elles ne diminuent point la force générale 
des recommandations. 

Quel est le bon moment pour détruire les plantes en automne? 
C’est quand les weevils sont devenus si nombreux qu’il n’y a pas d’es- 
poir d’obtenir encore du coton. L’examen de quelques plantes de son 
champ permettra facilement au planteur de décider ce point. Toutes 
les fois qu’on s’apercoit que tous ou presque toutes les feuilles florales 
(squares) et quelques-unes des balles ont des piqdres, il n’est plus 
possible d’espérer encore du coton. Le fermier doit alors attendre 
que les balles existant sur les plantes se soient ouvertes, et c’est 
immédiatement alors que doit étre faite la destruction. 

La régle est done de détruire les plantes en automne toutes les 
fois que tous ou presque tous les fruits sont endommagés, que ce 
soit en septembre ou en novembre. Dans la grande majorité des 
cas au Texas et dans la Louisiane, le mois d’octobre est le bon moment. | 
Dans beaucoup de cas on peut et on doit opérer la destruction plus’ 
tot. Toutefois, il ne faut pas croire que la destruction automnale 
soit inutile aprés l’époque dont il a été parlé. Il est méme possible 
de détruire beaucoup plus tard un grand nombre de weevils dans ce qui 
reste de balles suspendues aux plantes, mais plus on ajourne le pro- 
cédé, plus il perd de sa valeur. A tout prix la destruction des plants: 
doit avoir lieu avant la gelée, si c’est possible, mais la destruction 
aprés la gelée, quoique bien moins efficace que celle opérée plus tét, 
doit toujours se faire quand il n’a pas été possible d’enlever les plants 
auparavant. 
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MANIERE D’ENLEVER LES PLANTES. 


La maniére ordinaire d’enlever des champs les chaumes de coton 
au moyen du coupoir de chaumes (cylindre & roue pourvu de lames) 
n’est pas efficace dans la destruction automnale que l'on doit opérer 
pour éviter les ravages du boll-weevil. Les chaumes qui restent en 
te cas donnent naissance, lorsque le temps est doux, 4 des rejetons, et 
ges rejetons fournissent une abondance de nourriture aux weevils 
qui, sans cela, mourraient de faim. De plus, comme cette machine 
coupe les chaumes en petits morceaux, il en résulte de la difficulté a 
3s réunir et & les enlever. 
‘Il existe deux méthodes efficaces pour enlever du sol les plants: 
Yune d’elles, celle qui doit étre préférée, consiste & couper les racines 
& 2 ou 3 pouces au-dessous de la surface au moyen d’une charrue 
rdinaire; l’autre consiste & arracher les chaumes au moyen d’un 
levier muni d’un cran qui saisit la base de la plante. Ce dernier pro- 
eédé est d’usage plus facile quand la gelée a tué les plantes. Quand 
les plantes sont encore vertes ou que - terre est séche, il y a souvent 
difficulté a les enlever avec ces leviers. La eeeerendeon oénérale 
lu Département est donc de les enlever avec la charrue. Cela fait, il 
faut, aussit6t que possible, les ramasser & la main au moyen de 
rateaux et les réunir en gros tas ou ‘‘windrows.’’ Il est trés impor- 
fant que ce dernier travail se fasse avant que les feuilles séchent ou 
fombent. Si les plantes sont mis en tas immédiatement aprés qu’on 
les a déracinés, tout le feuillage séche en quelques jours et reste pour 
faciliter le brailage des chaumes. 
_ Aprés que les chaumes sont devenus assez secs, il faut les bréler. 
i le temps est beau, cela peut se faire environ deux semaines aprés. 
i les pluies causaient la prolongation de cette période de temps, le 
planteur aurait tout intérét & acheter de Vhuile brute en quantité: 
suffisante pour arriver & brdiler complétement tous les chaumes. 
_ On ne juge pas nécessaire de laisser des rangées comme piéges pour 
attirer les weevils qui peuvent avoir échappé au brilage. Le weevil 
semble peu attiré vers telles plantes. Aprés la destruction de la 
récolte principale ils se répandraient vraisemblablement dans toutes 
es directions et le nombre réuni sur les rangées-trappes serait par 
conséquent peu considérable. Le temps et la dépense nécessités 
par le cueillage & la main des weevils et des fruits infestés sur les 
rangées-trappes seraient un obstacle considérable & cette méthode 
sur beaucoup de plantations. Néanmoins, dans les endroits de peu 
d’étendue, ott la main d’ceuvre compétente est abondante, on pourrait 
Sans inconvénient laisser des trappes. Dans ce cas, il faudrait les 
Situer sur les cétés des champs qui sont généralement sous le vent. 
Il faudrait aussi s’assurer chaque jour s’il se trouve des weevils et 
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8 


des feuilles florales (squares) et balles infestées qu’on plongerait alo 
dans de I’huile brute. Aprés s’étre livré A ce cueillage penda 
dix jours, il faudrait déraciner les plantes-trappes et les broiler imm 
diatement & l’aide de l’huile brute. 

L’opinion a plusieurs fois été émise, que faire paitre le bétail da: 
les champs de coton équivaut, dans quelques cas, & la destruction p 
la méthode suggérée. Mais, dans beaucoup de parties de la superfici 
infestée il n’y a pas assez de bétail pour accomplir la besogne, et, 
plus, dans un grand nombre de champs le bétail en dissémina 
’herbe Johnson et autres plantes malfaisantes, ferait sans aucu 
doute plus de mal que de bien. En outre, la paissance la plus co 
pléte laisse toujours quelques rejetons ou feuilles vertes ow les weevi 
peuvent trouver a se nourrir et laisse naturellement les chaumes su 
pied, de sorte que la pousse des feuilles peut continuer indéfinime 
au profit des weevils. La ot l’état des champs le permet et ot | 
bétail est assez nombreux on doit faire paturer, mais ce ne peut étr 
le cas général dans la superficie infestée. 


DIFFICULTES. 


Le Département de |’ Agriculture sait qu'il existe quelques diffi 
cultés dans l’application universelle des recommandations contenue 
dans cette circulaire. Les principales sont lespoir presque universe 
d'une moisson seconde (top crop) et l'état dela main d’ceuvre résultan 
du systéme plus ou moins universel de fermage pour la culture de ¢ 
produit. Ces difficultés se trouvent augmentées par la rareté général 
de la main d’ceuvre dans le Sud, rareté qui devient de plus en plus u 
sérieux probléme dans la culture du coton. 

Les planteurs des localités infestées doivent bien se rendre compt 
que, avec la présence du weevil il n’y a plus a espérer une seconde ré 
colte (top crop). IIL est vrai que, apres qu’une quantité considérabl 
de coton est arrivée & maturité et aprés que les plantes ont employ 
leur énergie & la formation de graines et de coton, les pluies d’automn 
excitent souvent la production d’un grand nombre de feuilles florales 
(squares) et, par suite, un grand nombre de planteurs s’abandon- 
nent a lespoir de recueillir une abondance de seconde moisson. 
Les neuds de la plante sont courts et les feuilles florales 
(squares) se forment rapidement et tout prés les uns des autres. 
Bien que les weevils puissent avoir 6té extrémement nombreux dans 
les champs, la présence de cette abondance de nourriture les fait 
se disperser, et, par suite, ils se trouvent provisoirement un peu 
moins en évidence. Dans beaucoup de cas des fleurs apparaissent 
et lespoir d’une moisson seconde (top crop) s’accroit. Néanmoins 
cette production de feuilles florales (squares) contribue aussi 4 la 


production d’un grand nombre de weevils vers la fin de la saison et 
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uste a |’époque favorable 4 une heureuse hibernation de ces insectes. 
en résulte un grand dommage pour la récolte de la saison suivante, 
At aucun gain ou du moins un gain minime dans le rendement de la 
gaison courante. De ces considérations il semble clairement résulter 
jue dans la limite du territoire du weevil tout espoir d’une seconde 
Moisson doit étre abandonné et que la destruction des plantes doit 
3tre faite aussitét que possible en automne. 

ne autre difficulté importante réside dans le systéme de fermage. 
Daprés la coutume générale, le travail du fermier finit avec le 
sueillaze du coton, et le déblaiment du champ incombe 4 celui 
i fera la récolte suivante. Actuellement, aprés le cueillage du 
soton, les fermiers se transportent souvent sur d’autres plantations 
ju sur d’autres parties de la méme plantation. II] ne devrait pas 
%tre difficile pour les planteurs d’amener leurs fermiers 4 accepter 
ia destruction automnale des plantes comme derniére mesure dans la 
production d’une récolte. Les plantes doivent, en tout cas, étre 
nlevés avant que le terrain puisse étre préparé pour |’ensemence- 
ment de la saison suivante; ce que nous recommandons c’est seule- 
ment d’accomplir quelques mois plus tét la méme somme de 
avail qui serait requise au printemps. La meilleure solution de la 
fficulté provenant du systéme de fermage serait d’insérer dans le 
sontrat passé entre le propriétaire et le tenancier, une clause qui 
bligerait ce dernier & déblayer complétement la terre avant de la 
uitter. 

‘Sur une étendue relativement restreinte du Texas sudouest, on 
jourrait trouver une autre difficulté dans la coutume qu’ont certains 
fermiers de favoriser la croissance du coton errant (volunteer), ou 
‘seppa,” dans l’espoir d’obtenir une récolte précoce et peu cofiteuse. 
Somme |’a fait maintes fois remarquer le Département de |’ Agri- 
sulture, cette coutume est, & n’en pas douter, la pire qu’on puisse 
maginer dans les régions infestées par le weevil. La désastreuse 
xpérience de plusieurs comtés dans la partie sud de Etat pendant 
plusieurs saisons a abondamment démontré la valeur des avertisse- 
ents donnés A plusieurs reprises. Le coton produit par les plantes 
tantes est court, recoquillé et indésirable. Avant l’apparition du 
weevil, la seule raison qu’il y eut de favoriser leur croissance était. 
Vobtenir la premiére balle. Aujourd’hui, en raison de sa corré- 
ation préjudiciable avec le probléme du weevil, tout essai de cul- 
ire du coton avec des plantes de coton errant doit étre absolument 
1éconseillé. 

_ On pourrait objecter que le brdilage des plantes en automne fait 
lisparaitre de bons éléments fertilisants et qu’en continuant cette 
pratique on réduirait sérieusement la fertilité du sol. A cela nous 
repondons que la coutume générale, actuellement, est de déblayer 
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les champs en brillant les plants au printemps. Done, en fait, le 
seul inconvénient additionnel résultant pour le sol de la méiliada re- 
commandée, réside dans le brilage d’une grande partie des feuilles et. 
d’une portion des racines. Néanmoins la destruction des plantes ne 
peut se faire qu’aprés la chute d’une grande partie des feuilles et, 
dans d’autres cas, aprés la défoliation compléte des plantes par la 


chenille du coton. Les éléments fertilisants des diverses parties de @ 


la plante du coton ont été soigneusement déterminés.* Un estimé 
de la valeur de tous les éléments que la destruction automnale pour- 
rait faire disparaitre, estimé basé sur la liste des valeurs commer- 
ciales adopté par les stations expérimentales pour 1898, montre que 
la perte par acre serait minime. II est clair que le planteur pourrait. 
non seulement compenser cette petite perte, mais encore augmenter 


grandement la fertilité de la terre par lemploi d’engrais commer- 
ciaux dont le cofit serait insignifiant en comparaison du gain produit 


par le récolte suivante et résultant de la diminution des dommages 


causés par le boll-weevil. Dans certains cas, naturellement, l’en- 
lévement de |’humus fourni par les chaumes peut étre plus important 


que l’enlévement des éléments fertilisants. Ne pas perdre de vue, 
cependant, que la maniére la moins cotiteuse et la plus efficace d’ajou- 


ter de l’humus au sol réside dans |’emploi du fumier frais, lequel 


attire de plus en plus |’attention dans toute la région cotonniére. 


En fait, les objections qui précédent ne sont pas nécessairement 


sérieuses. Elles ont trait aux changements généraux rendus néces- 
saires, dans la culture du coton, par les ravages du_ boll-weevil. 


Comme les planteurs commencent & bien le savoir, il ne sera pas 


possible aux tenanciers de cultiver autant de terre qu’autrefois. En 


cultivant une moindre étendue et en donnant plus de soin 4 ce qui 


reste, on arrivera & produire plus de coton et ainsi les objections 
mentionnées disparaitront en grande partie. | 


CONCLUSION. 


L’ auteur de ces lignes, aprés avoir étudié et éprouvé les méthodes ci- 
dessus recommandées, ayant pour but dese rendre maitre du weevil et 
aprés en avoir fait l’expérience, croit fermement que la destruction des — 
chaumes au commencement de l’automne est la méthode la plus_ 
efficace que l’on connaisse pour réduire réellement le nombre de ces — 


insectes. Cette destruction ne coftera qu’une petite fraction de la 
dépense occasionnée par le cueillage fréquent, au printemps, des feu- 
illes florales (squares) infestées par les weevils qui ont hiberné, et elle 


ee 


est bien supérieure, pour réduire le nombre des weevils, & la coutume de — 


cueillir sur les jeunes plantes les weevils qui ont hiberné. Ilest essen- 


«Voir le Bulletin 33 de l’Office des Stations Expérimentales du Département, pp. 
81-142. . 
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_tiel de détruire de bonne heure les chaumes si l’on veut arriver au 
plus grand succés dans tout systéme entrepris pour se rendre maitre 
du weevil. Tous les autres moyens recommandés, quoiqu’excellents 
pour s’assurer une récolte, sont de la plus grande tae pourvu qu’on 
ne manque pas d’employer celui-la, le plus important de tous. Depuis 
les premiéres investigations sur le boll-weevil entreprises par ce 
' Département, le Dr. L. O. Howard a reconnu et fait remarquer que 
. cette pratique est de la premiére importance, et l’expérience de ces 
' derniéres années n’a fait qu’ajouter la certitude 4 cette conviction. 
Un certain nombre de planteurs l’ont adoptée et leurs travaux, ainsi 
que ceux faits en grand par le Bureau d’Entomologie, ont abondam- 
ment démontré son efficacité. Il ne faut pas crovre que la seule chose a 
- désirer soit d’ obtenir une récolte immédiate. La destruction des chaumes 
faite de bonne heure et complétement, voila sans aucun doute le plus 
important élément, considéré séparément, pour assurer le succes pour 
—Vannée suwante. 
Une action concertée dans la destruction automnale est, cela va 
sans dire, désirable; et les meilleurs résultats ne seront obtenus que 
lorsque des communautés entiéres auront adopté cette méthode. 
Mais aucun planteur ne devrait hésiter & cause de l’indifférence des 
-voisins. Le fait que les weevils changent peu de place jusqu’au jour 
‘ou l’ensemble de la récolte est assuré, aidera grandement & sauver 
un champ, alors méme que d’autres tout proches n’auraient pas été 
-proprement traités, et, dans ce cas méme, le succés de la méthode 
dans un champ sera un puissant aiguillon pour son adoption générale 
8 la saison suivante. 
Il est vrai que les recommandations contenues dans cette circulaire 

entrainent un changement considérable dans la culture du coton. 
_ Néanmoins les changements importants causés jusqu’&a ce jour par 
- Vemploi de graine et d’engrais perfectionnés ont amené, eux aussi, des 

bouleversements. Le département espére que les agences qui don- 
nent leur concours dans cette question—c’est-a-dire les associations 
-dhommes d’affaires—déploieront partout la méme énergie & favoriser 
_Pexécution de ce qui est, aprés tout, la plus importante mesure destiné 
a maintenir la suprématie du coton sur le territoire du weevil. 
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Approuvé: 
JAMES WILSON, 
Secrétaire de V Agriculture. 


WasuineTon, D.C., 3 septembre 1908. 
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CIRCULAR No. 96. Issued December 16, 1907. 


_ov _United States Department of Agriculture, 


al BUREAU OF ENTOMOLOGY. 
—_$_$_$_$$ LS 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE CATALPA SPHINX. 


(Ceratomia catalpa Bdv.) 


By L. O. Howarp and F. H. CHITTENDEN. 
INTRODUCTORY. 


Our native species of catalpa, the eastern catalpa (Catalpa big- 


nonioides) and the hardy or western species (Catalpa speciosa), are 


comparatively free from insect attack. Such common shade-tree 
defoliators as the bagworm and fall webworm occasionally feed 
upon the leaves, but apparently do so only in the absence of food more 
palatable to them. There is one insect, however, the catalpa sphinx 
(Ceratomia catalpe Bdv.*"), which lives normally and exclusively on 


the foliage of this tree and in some seasons does very considerable 
injury, frequently causing complete defoliation. There is evidence 


that this species, owing doubtless to the increased planting of these 
trees in regions other than their native homes, has also increased its 
natural range, and injury. 1s more extensive now than formerly. 
During the year 1906 injury was noticed in Ohio, New Jersey, and 
Pennsylvania, but in 1907 reports of damage which reached this office 
indicated general infestation over a much larger area. This included 
portions of Maryland, Virginia, the District of Columbia, Ohio, New 
Jersey, Indiana, and Florida. Mr. A. S. Peck, of the Forest Service, 
also reports injury in July, 1907, at Warsaw, Ky. It is probable 
that the insect also infested the intervening territory not yet reported 
to this Bureau. 


DESCRIPTIVE. 


The catalpa sphinx in its active feeding stage is a large caterpillar, 
attaining a length of fully 3 inches. It is very variable in color, 
there being a light and a dark form, as in the case of some related 
species. The prevailing colors are yellow and black, and this, com- 


a@Synonyms are Sphinag catalpe and Daremma catalpe. 
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bined with the large size of the insect, makes it a conspicuous object 
on infested trees. The complete life history by stages or periods of 
growth is well illustrated by the accompanying figure“ on page 3, 
the drawing for which was made by the late Dr. George Marx, of 
whose ASRS and artistic work it is one of the be publcael 
examples. 7 

The parent of this caterpillar is a large grayish-brown moth of 
the family Sphingide, marked as shown in figure 1,/. It has a large 
heavy body and powerful wings with a total expanse of 3 inches. 
It deposits its eggs in masses, and in this respect differs from other 
sphingids. An egg mass is shown in the illustration at a and an in- 
dividual egg at 7. The young caterpillars are paler than the mature 
ones, being pale yellow and having a stout black anal horn. Two 
striking variations of the larva in the later stages are shown at 7 and 
e, while 2 represents the commonest dark form of caterpillar. 


ORIGINAL HOME AND PRESENT DISTRIBUTION. 


This insect is a strictly North American species, and its range is 
given by Dr. J. B. Smith? as from “ Virginia to Florida; westward | 
to the Mississippi; as far north as Indiana.” It is an especially | 
common form in Virginia, Maryland, and Ohio, and of late years has | 
extended its range northward on the Atlantic coast, since it has been | 
received at this office from several localities in southeastern Pennsyl- , 
vania and New Jersey. 

In 1888 it was recorded from Delaware County, Pa., and Mr. Frank 
M. Jones © states that he received it in 1893 from Sussex County, Del., 
while in 1894 a specimen was taken at electric hight at Wilmington, 
Del. In 1898 the larvee appeared on the catalpa trees at Wilmington 
in great numbers. The species has spread northward in Delaware, | 
and it has greatly increased in numbers where it was formerly very 
rare. Its northward range seems so far to be limited by Illinois in 
the West, in which State Professor Forbes recorded it in 1884.4 ‘The 

range of its food plant is as follows: From the Gulf of Mexico in 
western Florida and on the rivers in Alabama and Georgia westward 
and northward along the Mississippi and its southern tributaries in 
the great delta formation to above the mouth of the Ohio; thence up. 
the Wabash and White rivers of Indiana to near Vincennes.? This 
has been taken by Riley to indicate also the range of the catalpa 
sphinx. Published records, however, were lacking until recently to 


a Originally published as Plate XIII, Report of U. 8S. Dept. Agr. for 1881-82. | 

6 Monograph of the Sphingidz of America North of "Misxie, p- a 1888. 

ce Entomological News, November, 1898, p. 262; Feb., 1899, p. 45. 

d Trans. Ill. State Hort. Soc., 1884, p. 125. 

e For particulars regarding the present range, see Cire. 82, Forest Service. 
[Cir. 96] 


Fic. 1.—Catalpa Sphinx (Ceratomia catalpe): a, egg mass; b, b, newly hatched larve: 
, ¢, larva one-third grown: d, dorsal view of joint of c; e, f, two differently marked, nearly 
full-grown larve; g, dorsal view of joint of f; h. full-grown dark larva: i, dorsal view of 
joint of same; j, pupa: k. moth; J, egg, enlarged. All natural size, except 7 (Marx del.). 
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show its general occurrence west of Florida and Georgia along the 
Gulf. From the files of the Bureau of Entomology we learn that 
this species was observed in Alabama in 1883, and was received from 
Denison, Tex., in 1889. More recently the species has been reported 
from Arkansas (by Webster, in 1900) and from Cedar Creek, Ala. 
(in 1904), following which it occurred at St. Elmo, Ala. In 1899 
the species was not known to occur in New Jersey, but in 1900 it was 
observed in Camden County, near Philadelphia, and in Hunterdon 
County.” By 1906 it had become established at Elberon and Bloom- 
field, the latter—westward and a little north of Manhattan, New York 
City—being the northernmost point of which we have knowledge of 
its occurrence in the East. 


LIFE HISTORY AND HABITS. 


The catalpa sphinx is subject to considerable fluctuations in num- 
bers. For one or two years or even several years it will not be 
noticed in a given locality and will then suddenly appear in great 
masses, completely defohating the trees and covering the ground 
beneath them with its larval excrement. It is interesting to observe 
that John Abbot, who collected the type specimens in Georgia, men- 
tioned more than a hundred years ago the fact that the fishermen 
who inhabited the borders of the swamps hunted for these larvee 
as the best bait for catching fish, and it is said that this bait is so 
esteemed for this purpose in some parts of Florida that the catalpa 
is often cultivated for no other purpose than to attract the insect. 

The eggs, as has been stated, are laid in masses, and the young 
larve feed gregariously for some time. The prolificacy of the species 
may be judged from the fact that an egg mass in the collection of the 
U. S. National Museum contains nearly 1,000 eggs. The mass is not 
compact and 1s slightly fastened to the underaide: of the leaves. Some- 
times, according to Koebele, the eggs are laid in smaller masses on 
the stems and branches. The larve molt four times, becoming as _ 
they grow older very variable in their markings. In the extreme 
South the insect is reported to be found in all stages during the sum- 
mer, and there are three or four generations annually, the just hiber- 
nating in the pupa state beneath the ground and giving forth the 
moth the following March. In the summer time, according to Koe- ; 
bele, whose observations were made in Florida, the time occupied by — 
an entire generation is about six weeks. In the vicinity of Washing-— 
ton, at Coalburg, W. Va., and probably everywhere in its northern 
"Tange, there are two generations, or broods, annually. | 


a E mtonieliveteel News, November, 1900, pp. GOS, 611. \ 
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NATURAL ENEMIES. 


A number of parasitic insects attack and kill the catalpa sphinx. 
Apanteles congregatus Say, a common, widespread, and very gen- 
erally parasitic enemy of sphinx caterpillars, attacks this species 
quite as freely as it does the “ horn worms” of tobacco and tomato. 
Unfortunately this parasite is in turn parasitized by other Hyme- 
noptera, of which two species, J/esochorus aprilinus Ashm. and [emi- 
teles mesochoridis Riley MS., are recorded. These secondary para- 
sites in our experience, however, are not generally abundant; hence 
the beneficial primary parasite flourishes in spite of their attack. 
Apanteles congregatus, the primary parasite, 1s 2 minute, four-winged, 
wasplike fly. Its larva, a white, maggotlke creature, develops 
within the body of the caterpillar, and when full fed and ready for 
transformation each indi- 
vidual eats a hole through 
the skin of the caterpillar 
and spins its little white 
cocoon on the outside. Two 
hundred or more of such 
cocoons may be seen on the 
body of a single caterpillar. : 
After a few days the 
winged parasite issues from 
the cocoons to lay eggs and 
produce another generation 
of larve. This parasite is 
abundant throughout the 
eastern United States. Fig. 2.—Zuphorocera claripennis, a parasite of the 

Micro plitis (A panteles ) catalpa sphinx: Adult with puparium at right 
catal pee Riley, which ap- and enlarged antenna at left. (From Howard.) 
pears to be a special parasite of the genus Ceratomia, is also recorded 
as an enemy of the species under discussion. Extensive parasitism of 
the catalpa.sphinx by this species was observed by Mr. A. F. Burgess 
at Jackson, Ohio, in 1905. In one case a large number of the hyper- 
parasite ypopteromalus tabacum Fitch and a few individuals of 
Lorismenus (IHolcopelte) microgastri Ashm. were reared from the 
same lot of larve, the hyperparasites outnumbering the primary 
parasites four to one. This, however, is exceptional. 

Two common species of tachina flies, Awphorocera claripennis 
Macq. (fig. 2) and Frontina frenchii Will., also attack the larva of 
the catalpa sphinx. These are general parasites of Lepidoptera, the 
former infesting 27 distinct species, the latter 22. 
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A few birds prey upon the caterpillar, but most of them evi- 
dently find it, when full grown, a rather tough morsel, the skin being 
especially tough and thick and the insect a very muscular one, so that, 
in fact, it is difficult to crush one with the end of a cane. Among the 
birds which have been recorded as destroying this insect are cuckoos, 
the catbird, and the Baltimore oriole. 


REMEDIES. 


The catalpa sphinx may be readily destroyed by different methods. 

[land pichking.—Owing to its large size, the caterpillar is easily 
seen, and it is possible to control it by hand picking with the aid of 
a long ladder and a 12-foot pole pruner or similar device. 

Arsenicals——The insect can be destroyed by an arsenical spray 
of either Paris green or arsenate of lead, applied as for other shade- 
tree pests, such as the tussock moth and fall webworm.t We may 
take advantage of our knowledge of the gregarious habit of the young 
of this caterpillar by watching rather closely for it in the spring, and 
if the leaves are observed to be eaten in any particular place, a poi- 
sonous spray should be applied. This may frequently save an entire 
tree. Where only a few trees are to be treated, it will be best to spray 
all the leaves. Owing to the fact that the foliage is frequently in- 
fected by a leaf-spot disease,’ the added precaution of using Bordeaux — 
mixture as a diluent for either the Paris green or arsenate of lead is 
advisable. 

Destruction of the pupw.—Where the caterpillars have been so 
abundant as to have affected the trees, it will pay as a precaution for 
the following year to spade up the ground thoroughly and disinte- 
grate it in the fall so as to destroy the pupe, which will be found con- 
centrated under the surface of the ground in the immediate vicinity 
of the trunk. 

Protecting the parasites——The second or last generation, which 
appears in September and October, is largely destroyed by parasites 
which are frequently very abundant just as the oldest caterpillars are 
beginning to reach full growth. At this time the parasites, which 
have been previously mentioned, issue from the body of their host 
and spin large masses of white cocoons on the backs of the cater- 
pillars. These masses are so large that they can be seen at a con- 
siderable distance against the black stripes of the host insect. It is 
not advisable to destroy the caterpillars at this stage, as the parasites 
are very beneficial and in ordinary seasons will reduce the numbers 


aor directions, see Farmers’ Bulletins 99 and 127, which may be obtained 
gratis upon application. 
b Phyllosticta catalpe. 
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of the sphinx caterpillars so that they will not appear the following 
season to do much harm. Where the caterpillars can be easily 
gathered, it will pay to pick them from the leaves and transfer them 
to barrels or large boxes covered with wire netting. This will prevent 
the caterpillars from issuing or falling a prey to birds or other ani- 
mals, and will insure the issuance of the parasites through the meshes, 
thus encouraging their good work. A few holes should be bored in 
the bottom of the barrels or boxes used, small enough to prevent the 
caterpillars from crawling through them into the ground. This will 
prevent the accumulation of water after rains which might drown 
the insects or set up putrefaction in the mass. 

If the cooperation of neighbors who have catalpa trees growing on 
their premises can be secured, this caterpillar can be largely controlled 
for several years in succession. 


Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


Wasurnerton, D. C., Vo vember 6, 1907. 
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Bccutar No. 97 Issued February 6, 1908. 
__ United States Department of Agriculture, 

of ee BUREAU OF ENTOMOLOGY, 

vad } L. O. HOWARD, Entomologist and Chief of Bureau. 


THE BAGWORM. 
(Thyridopteryx ephemereformis Haw.). 
By L. O. Howarp and F. H. Carirrenpen. 


GENERAL APPEARANCE AND NATURE OF ATTACK. 


Shade trees, shrubs, and hedges, and in particular evergreens, are 
much subject to injury by a medium-sized caterpillar which has a 
curious habit of crawling about on the infested trees in a bag-like case, 
whence its common name of bagworm or basket worm. 
In the shelter of these cases the insects undergo all 
their transformations, after which the bags remain 
attached to the plants for some time and are conspic- 
uous objects on leafless trees and shrubs in late autumn 
and in winter. Like the tussock moth” and the fall 
-webworm? this species is preeminently a pest on the 
streets and in parks and private grounds of cities and 
towns and is even more subject to fluctuation in num- 
bers. It is, however, more limited in distribution 
and not found asarule north of southern New York 
and the central portions of Pennsylvania and Ohio. 
South of these points it is in certain years very trou- 
blesome and the subject of much complaint. Sucha 
year was 1907, when the bagworm attracted greater Le 
attention than any other tree defoliator. Numerous  ¢premerzeformis). 
complaints were received of injuries in the region Ey coe (af- 
mentioned, and especially from the States of New 
Jersey, Pennsylvania, Maryland, Virginia, West Virginia, Ohio, 
Indiana, and Illinois. The natural enemies of this insect (see p. 6) 
were comparatively scarce, and there is a strong possibility of a recur- 
rence of injuries in the years to come. | 
The general appearance of the bagworm is shown in figure 1, which 
illustrates the caterpillar when nearly full grown, in its characteristic 
bag. When removed from its bag it looks as shown in figure 2, a, 
which represents the larva at maturity. At this period in its develop- 


« Hemerocampa leucostigma 8. & A. b Hyphantria cunea Dru. 
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ment it may attain a length of about three-fourths of an inch. The 
body is soft in texture and dull brownish or blackish, while the head 
and thoracic segments are horny and whitish, mottled with dark 
brown. ) 

ORIGINAL HOME AND PRESENT DISTRIBUTION. 


The bagworm is unquestionably native to North America. It 
abounds in the Southern States, and its proper home—that is to say, 
the part of the country where it reaches its maximum—is in the Lower 
Austral life zone. It extends through a considerable portion of the 
Upper Austral zone, but there are indications that it has gradually 
spread into this territory from more southern regions.“ The shade 
trees of Baltimore, Washington, St. Louis, and ‘other more southern 
cities are frequently defoliated by this insect. Northward it occurs 


/ 


Fic. 2.—Bag worm ( Thyridopteryx ephemerxformis): a, Full-grown larva; b, head of same; c, male pupa; 
d, female pupa; e, adult female; f, adult male. All enlarged (from Howard). 


through New Jersey and at many points in Pennsylvania, including 
the cities of Harrisburg, Elliottsburg, Allentown, and Swarthmore. 
Farther west it has been found at Columbus, Marietta, South Salem, 
and other localities in Ohio, at several points in West Virginia, at 
Brooklyn, Ind., in Pecatonica, Thompsonville, and Allendale, Ill., and 
so on west to Oklahoma. Everywhere south of these localities, except 
in the immediate Gulf region, itabounds. In the East it is commonly 
found in New York City and Brooklyn, and at several points on Long 
Island. In the Hudson River Valley region it has been recorded by 
Felt at Yonkers and Mount Vernon, and has been collected at New 


“In the main the bagworm is one of those characteristic forms like the wheel-bug 
( Arilus cristatus L.), the Carolina mantis (Stagmomantis carolina L.), and the larger 
digger wasp (Sphecius speciosus Dru.), true southern forms which are gradually 
extending their northward range by following the seacoast or valleys, or, if carried 
accidentally northward upon railroad trains, establishing themselves at points beyond 
their former habitat. fi 
(Cir. 97] 
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Fig. 3.—Arborvite infested by bagworms. 
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Haven, Conn., but it is not known to be injurious in these localities. 
It has been sent to the Bureau of Entomology from Springfield, Mass., 
but probably does not breed there. 


FOOD PLANTS. 


The bagworm, although a very general feeder, displays a particular 
fondness for evergreens of all kinds and especially for arborvite, 
hence it seems probable that one or the other of these was its original 
or normal food plant (fig. 3). The species becomes exceedingly abun- 
dant every few years, and at such times'‘it may be found on shade, 
orchard, and forest trees of nearly all kinds. Itis fond of the maples, 
particularly the cut-leaved and silver maples, and the related box 
elder; also of the poplars and mulberry, less so of the elms, and 
apparently still less so of the oaks. It feeds more or less freely, how- 
ever, on most other trees and shrubs, and even on many low-growing 
semi-woody plants, such as elder, mallows (Hibiscus), and ragweed 
(Ambrosia trifida). ‘Thus, in the absence of its choice food plants, it 
is able to subsist on the foliage of almost any of the plants of the 
character enumerated and which may be available, but it does not 
seem to live on grasses and herbaceous plants generally. 


HABITS AND LIFE HISTORY. 


The bagworm overwinters in the egg stage within the old female 
bags, and for this reason hand-picking in winter time is an efficacious 
remedy. In the late spring the young hatch from the eggs, crawl out 
upon the twigs, make their way to the nearest leaf, and immediately 
begin to feed and to construct cases or bags for themselves. ‘They 
spin a large amount of silk and attach to it, for additional strength 
and protection, bits of leaf or of twig, evidently attempting to disguise 
the nature of the case as well as to strengthen it. The larva is 
remarkably soft-bodied, except for its head and strong thoracic plates, 
and it is necessary that the soft abdomen should have some protection. 
The construction of the bag of an allied species was carefully studied 
by H. G. Hubbard, and it is a very interesting performance. 

The young larva (fig. 4, @) cuts off with its jaws a small fragment of 
leaf which it places between its front legs, gradually forming a pile 
fastened loosely with silk. When the pile becomes a transverse tangle 
about as long as the body it is fastened at each end loosely to the surface 
upon which it rests; then the caterpillar, after placing itself at right 
angles, dives under the mass, turning a complete somersault, so that it 
lies on its back, bound down by the fillet. It then twists around and 
stands upon its feet, having its neck under a sort of yoke (fig. 4, 0). 
It makes the yoke into a complete collar, adding bits to each end until 
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the circle is complete. Then row after row of fragments is added 
until the case becomes a hollow cylinder (fig. 4, ¢). One end is then 
closed up and the inside lined with a tough coating of silk, the case 
being then extended upright and fastened atoneend. When it is fully 
completed the larva crawls away, with the case carried upright like 
a cap on the upturned end of its body. In the illustration d shows a 


' completed bag made by the young larva, tightly appressed to the flat 


surface, the larva being concealed within. Such bags may frequently 


' be found on leaves, and 


ornament the outside, 


case hangs down (fig. 1). 


. 


are quite puzzling to the 
uninitiated until the 
larva pokes out its head 
and slowly walks off. 
As the caterpillar grows 
the case is constantly 
enlarged, bits of twigs 
and any other small 
objects being used to 


and these objects. will 
vary with the kind of 
tree upon which the 
caterpillar is feeding. 
While the larva is small 
it carries its case erect, 
but when it is larger the 
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the bag is kept closed 
with silk. There is a Fic. 4.—a, Newly hatched bagworm before making its case; 


small opening in the b, same just beginning case; c, showing case nearly com- 
extremity of the bag pleted; d, completed case, insect concealed within; e, larva 


g 4 after first molt. Highiy magnified (original). 
through which excre- 


_ ment and cast skins are pushed. The male bags are smaller than those 


of the females, reaching a length of about an inch, while those of the 
females are much larger. Toward the end of August, about Wash- 
ington, D. C., the larva completes its growth, attaches its bag firmly 


by a silken band to a twig, strengthens it inside with an additional 


layer of silk, and within this retreat, which now becomes its cocoon, 

transforms to pupa with its head downward. The pupal period lasts 

about three weeks, and then the imago emerges. The male chrysalis 

works its way out of the lower opening, and the winged moth issues 
20833—Cir. 97—08——2 
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through the cracking skin, leaving the chrysalis hanging from the bag, 
as shown atc, figure 5. Thechrysalis of the female does not push its 
way at all out of the bag, but the skin cracks and the female gradually 
works her way partly out, her head reaching the lower end of the bag, 
(fig. 5, d). The males fly about, seeking the bags of the females, and 
when one is found in which the head of the female is near the end, 
showing that she has emerged from her chrysalis skin, the male pushes 
his enormously protrusive and, in fact, telescopic genital apparatus up 
into the bag to the anal end of the female and fertilizes her. The. 
female then works her way back into the chrysalis skin, gradually filling 
it with eggs until more than half of it is filled, scattering in among the 
eggs some of the sparse hairs from her body. Having done this she 
forces her shriveled 
body out of the open- 
ing, falls to the ground, 
and dies. The eggs re- 
main in this way until 
the following spring, 
when they hatch, as 
previously described. 
There isthus only one 
generation annually. 
Notrre.—There is a possi- 
bility that the bags of this 
extremely common insect 
might be made commer- 
cially useful. ~ Its silk, from 
a practical standpoint, has 
always been ignored, but it 


is firmer and stronger and 


more easily spun as carded 
Fic. 5.—Bagworm at (a, b, c) successive stages of growth. c, Male gjilk than that of most other 
bag; d, female bag. Natural size (from Howard). 


native silk cocoons. 


NATURAL ENEMIES. 


Although apparently well protected from the attacks of birds by 
its tough case, the bagworm is somewhat extensively parasitized by 
several forms of ichneumon and chalcis flies, most of them species 
which affect also similar tree-feeding caterpillars. Prominent among 
these is the common Pimpla inquisitor Say (fig. 6), which, however, 
more commonly parasitizes the tussock moth and tent caterpillars.@ 
The related P. conquisitor Say is also a parasite of the bagworm and 
a third species of ichneumon, Adlocota ( Hemiteles) thyridopterigis Riley 
(fig. 7), is usually the most abundant of all. Four or five individuals 
of this species commonly infest a single bagworm, spinning for them- 
selves white silken cocoons within the bag. 


@ Malacosoma spp. 
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The species last mentioned was for many years credited with being 
a primary parasite of the bagworm, although recent observations 
would indicate that it is a secondary parasite when infesting other 


Fic. 6.—Pimpla inquisitor: Female, from 
side. Enlarged (from Howard). 


Fia.7.—Atlocota ( Hemiteles) thyridopterigis. Much enlarged 
(original). 


caterpillars. This might be explained by the hypothesis that this 
parasite oviposits only in cocoons or cases of firm texture, and there- 
fore can not be the primary parasite of an insect which is not provided 
with a case of that character. 


FIG. 8.—Spilochalcis marizx. Much enlarged (after 
Riley). 

Certain chalcis flies also breed in 
the bags of this insect. These include 
Spilochalcis marie Riley (fig. 8), 
Chalcis ovata Say (fig. 9), and the — Fic. 9—Chatcis ovata: Adult. Enlarged 
common little Dibrachys boucheanus aes ee 
Ratz. (fig. 10). This last isa hyperparasite, in the case of the bag- 
worm probably secondary, and in the case of other caterpillars a 

[Cir. 97] 


tertiary parasite. Habrocytus thyridopterigis Ashm. (fig. 11) is 
assumed to be a tertiary parasite on Allocota thyridopterigis Riley, 
when the latter is a secondary parasite of the tussock moth, but may 
be secondary when breeding in the cases of the bagworm. 


- REMEDIES. 


When the bagworm occurs upon deciduous trees it can be controlled 
by hand-picking the bags in the winter, but when it affects evergreen 
trees it is practi- 
cally impossible to 
apply this remedy 
with profit unless 
the plants are badly 
defoliated. There- 
fore for the treat- 
ment of evergreens 
spraying is a neces- 
sity. 

The methods of 
} ® | 7 controlling shade- 
| tree pests in cities 
and towns, as out- 
lined in Farmers’ 
Bulietin No. 99,“ on pages 25-29, are in part applicable to this species. 
This bulletin should be read by persons who have experienced trouble 
from the depredations of the bagworm. 


Fig. 10.—Dibrachys boucheanus: Adultfemale and antenna of male. 
Much enlarged (from Howard). 


Collecting the bags.— Ls 
One of the most important POM Re Se 
remedies consists in gath- oe 2 ve ms 
ering the bags with the fo \ } A yy 
contained insect by hand oe a 


and either burning them oe 
or preserving them to lib- oat E 


erate the useful parasites = 
which have been _previ- | i} 
ously mentioned. This J ws 
work may be facilitated 

by the use of a 12-foot 
pole pruner or similar 
appliance, and can be intrusted to those ordinarily unemployed, such 
as children and aged persons. Where the trees are very tall it will 
be necessary to use a long ladder. For best results the cooperation of 
neighbors who are troubled with the same pest should be secured. 


Fig. 11.—Habrocytus thyridopterigis. Greatly enlarged (from 
Howard). 


aThis publication may be had gratis on application to the Department of Agriculture. 
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Very considerable immunity from future injury will result by care in 
the employment of this method. It is particularly useful where only 
a few trees are infested. The bags are such conspicuous objects on 
defoliated or bare trees in winter that it is not at all difficult to detect 
them, but in cases where comparatively few insects are present on 
evergreen trees they are not so easily seen. 
_ Eneouraging the parasites.—When many trees are infested it is 
advisable to keep the hand-picked bags for a considerable time in 
receptacles, such as barrels covered with netting, preferably of wire, 
‘so that the numerous beneficia! parasites of the pest will be able to 
issue in the spring and assist in the control of the bagworm the fol- 
lowing year. One or two holes bored in the bottom of the barrel or 
box will prevent water from accumulating and drowning the insects. 
Where the bags can be placed in piles in an open space or inclosure 
distant from trees and free from disturbance, the young insects, having 
very limited powers of locomotion, will soon perish of starvation, as 
they will not be able to reach the trees or shrubs after they hatch. 

Spraying with arsenicals.—On evergreen, where the bags are more 
or less difficult to find, hand-picking can not be advised. A striking 
instance of the futility of this method under such circumstances was 
given by Prof. C. V. Riley in his testimony at a conference on the 
gipsy moth in 1891. He said that he once tried to protect a cedar tree 
not more than 6 feet high, upon his own grounds at Washington, by 
hand-picking. He worked for two consecutive months picking off 
small bags from that tree, the progeny of not more than two females. 
Almost daily he went to the tree and found fresh specimens which he 
had overlooked the day before. For evergreen trees, therefore, an 
arsenical spray is the best remedy. In connection with the story of 
his experience just related, Professor Riley stated that he had abso- 
lutely stopped injury by the bagworm on large trees in the Smith- 
sonian grounds by spraying, and in the summer of 1895 we had a 
similar experience on the grounds of the Agricultural Department at 
Washington. Trees sprayed with Paris green at the rate of 1 pound 
to 150 gallons of water were completely rid of larvee of the bagworms. 
It is easier to reach the bagworms on evergreen than on large-leaved 
‘deciduous shade trees, such as maple and elm, but if carefully carried 
out spraying will result in the destruction of the bagworms, so that 
the collection of the bags in winter will not be necessary. Arsenate 
of lead at the rate of 1 pound of the prepared paste form to from 25 
to 50 gallons of water will be found even more useful than the Paris 
green, as its greater adhesiveness renders it less likely to be washed 
off by rains, which in some seasons frequently occur almost daily at 
the time when the larve are beginning to work. 
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The best time to apply the arsenical is when the eggs hatch, or 
shortly afterwards, and the best methods of spraying shade trees are 
discussed in Farmers’. Bulletin No. 99. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


- Wasurneron, D. C., December 2, 1907. 
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THE APPLE-TREE TENT CATERPILLAR. 


(Malacosoma americana Fab.) 
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The conspicuous, unsightly nests or tents of this insect (fig. 2) 
are familiar objects in the spring in trees along roadways, streams, 
fences, in neglected orchards, and elsewhere. The gregarious cat- 
erpillars construct the tents for their protection, and these, at first 
small, are gradually enlarged as the larve grow, often to a foot 
or more in height and diameter, the size varying with the number 


\ 
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Fic. 1.—Stages of the apple-tree tent caterpillar: a, Egg mass; b, larva; ¢, pupa; d, 
cocoon; @, female moth; ¢#, male moth. About natural size (original). 
- 


of individuals in the colony. The caterpillars feed upon the foli- 
age of the trees, stripping the leaves from the limbs adjacent to the 
nest, and if there be several colonies in a tree, as is frequently the 
case during periods of abundance, the foliage may be quite destroyed, 
leaving the branches as bare as in midwinter. 


21667—No. 9808 


DISTRIBUTION AND FOOD PLANTS. 


The tent caterpillar is a native American species occurring quite 
generally in the United States from Canada south to Florida and 
westward about to the Rocky Mountains. From the Rockies to the 
Sierras, according to Dyar, the species is replaced by dfalacosoma 
fragilis Stretch, which ranges from Canada to Mexico, and this lat- 
ter form in the Pacific Northwest 1s replaced by Malacosoma plu- 
vialis Dyar. 

The tent caterpillar has been a troublesome pest from the earliest 
times. As stated by Fitch, its injuries in Massachusetts in the 
years 1646 and 1649 led the early settlers to term these “ caterpillar 
years.” At rather long and irregular intervals the caterpillars have 
been excessively abundant in different parts of their range, but more 
particularly in the New England States. This species was among 
the first to receive attention by the early American entomologists, 
and the principal features in its hfe and habits have been known for 
many years. Throughout its extended distribution the insect is 
likely to be abundant each year in one or more localities and often 
over a considerable territory. Scattered nests are to be found usu- 
ally during any spring, though during some seasons these are but 
little in evidence. 

The favorite food of the tent caterpillar is the wild cherry, and 
this 1s probably its native food plant. Next to the wild cherry the 
apple is apparently preferred. In the absence of its favorite food, 
or under special conditions, it attacks many other plants, as plum, 
peach, thorn, pear, rose, and other members of this group; also 
beech, witch-hazel, elm, maple, various species of willows, oaks, and 
poplars, etc. During periods of unusual abundance trees are more 
or less completely defolated, and at a time when they most need the 
leaves for their growth or for the development of the fruit, and they 
are materially weakened, though rarely killed. 


DESCRIPTION AND LIFE HISTORY. 


The egg.—Kggs are deposited in masses or belts encircling the 
smaller twigs, as shown in fig. 2, and at a, fig. 1. Different egg masses 
may vary from one-half to three-fourths of an inch in length and 
contain from 150 to 250 eggs. The average number of eggs in several 
ege@ masses counted by Prof. V. H. Lowe on peach and apple was 
about 223 each. Each egg belt is deposited by an individual female 
and ordinarily represents the entire number which she will deposit. 
Eges are placed on end, cemented closely together, the whole oval- 
shaped mass being finally covered with a layer of light-brown frothy 
glue, which soon becomes tough, brittle, and glistening. 
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Eges are deposited by the moths by early midsummer, or earlier 
in the South, the embryonic larve developing so that by fall they are 
practically full grown, although remaining within the egg until the 


Fic. 2.—Apple-tree tent caterpillars (Malacosoma americana) and ‘nest; egg mass or 
belt on small twig at left. ‘‘ Nest’’ considerably reduced; caterpillars one-half nat- 


ural size. (Original.) 
following spring. With the coming of a warm spell the larve 
escape by gnawing through their egg shells, often before there is 
[Cir. 98] 
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foliage out for food, and under these circumstances they may feed 
upon the glutinous covering of the egg mass. 

The larva.—tIn the presence of food the larve begin the formation 
of their nest in about two days from hatching, usually selecting the 
crotch formed by two limbs and ordinarily one that is not far from 
the egg mass. The caterpillars are sociable, those from one egg 
mass inhabiting one nest and feeding together upon the adjacent 
leaves. If two egg masses happen to be deposited close together, as 
on the same or adjacent twigs, the resulting caterpillars may unite 
in one nest. Wherever they go each larva spins a thread of silk, the 
young individuals hanging suspended from a silken thread when 
they drop, as do the cankerworms and many other larve. The nests, 
at first small and affording but little shelter, are gradually enlarged 
as the caterpillars grow and soon furnish ample protection. Upon 
close examination the nests of this species will be found to be made 
up of layers of silk, with room for the larve between the layers. 
According to Fitch these layers are the result of the caterpillars’ 
habit of lying on the outside of the nest during bright weather, the 
few restless individuals crawling back and forth over the resting 
mass, spinning silk as they go, soon forming a new layer. During 
rainy and cloudy weather the larve remain mostly within the nest, 
but when the weather is favorable they feed at regular intervals; 
according to Fitch, in the morning, in the afternoon, and again dur- 
ing the night. Upon becoming nearly full grown the larve wander 
singly away from the nest, feeding upon such plants as come to hand. 
This wandering habit preparatory to pupation results in the scatter- 
ing of the pup and greatly increases the chances of their escape 
from destruction from their numerous natural enemies. 

When full grown the caterpillars are about 2 inches long, cylin- 
drical, deep black in color, with a white stripe along the back and 
lateral markings, as shown in fig. 1, 6. On each side is a row of oval 
pale-blue spots, one on the middle of each segment, and on the ante- 
rior side of each is a broader, deep velvety-black spot. The body is 
sparsely clothed with fine soft yellowish hairs of varying length, 
thickest perhaps toward the anterior end, where they project forward 
over the black-colored head. In about six weeks from hatching the 
larvee become full grown and wander away from the nest, as stated, 
in search of suitable places for pupation. 


The cocoon.—The larve select for pupation any convenient, more . 


or less secluded place, as under loose bark, in grass or brush under 

trees, along fences, etc. If close to outbuildings the larve often make 

their cocoons in the angles along the sides, in window casings, ete. 

The cocoon, shown at d, fig. 1, is oval in shape, about 1 inch long, 

and composed exteriorly of coarse, loose. whitish threads of silk 
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surrounding the tougher parchment-like lining. The silk of the 
cocoon is intermixed with a yellow powdery substance which readily 
comes off when disturbed. Cocoons are made more or less singly, 
though in suitable shelter near the nest several may be found spun 
together, the larvee taking advantage of the same protection. Co- 
coons are frequently found within the nest, though these will usually 
prove to be parasitized. 

The pupa—Within the cocoon the larva changes to a short, oval, 
brownish pupa, as shown at c, fig. 1. This stage lasts about three 
weeks, the time varying somewhat; then the moth appears. 

The adult.—Both sexes of the tent caterpillar moth are shown in 
fig. 1, the female to the left. These are dull reddish-brown, stout- 
bodied moths, with a wing expanse in the females of about 1.5 to 2 
inches, and in the males of from 1.2 to 1.3 inches. Obliquely across 
the forewings of each sex are two nearly parallel whitish lines, as 
shown in the illustration. Soon after emergence the sexes mate, and 
eggs are deposited on limbs and twigs. There is but one generation 
each year, the insects existing in the egg stage throughout the remain- 
ing summer and fall and through the winter, the young larve com- 
ing from the eggs in early spring and forming their nests, or tents, as 
stated. 

NATURAL ENEMIES. 


This species is subject to attack by numerous parasitic and pre- 
daceous enemies, which undoubtedly exert an important influence in 
keeping it reduced. Very minute, four-winged flies of the order 
Hymenoptera deposit their eggs within those of the tent caterpillar 
moth, the resulting larve or grubs finding sufficient food for their 
growth and development to parent fhes. Four egg parasites have 
been recorded for this species, namely, Ze/enomus clistocampe Riley, 
- Pteromalus sp., Platygaster sp., and Ablerus clisiocampe Ashm., 
the latter record, however, being undoubtedly incorrect, since this 
species 1s parasitic upon scale insects. 

Larve and pupe furnish food for a large number of parasites 
and hyperparasites. Thus W. F. Fiske @ records a total of some 24 
species of insects which directly or indirectly feed upon the tent 
caterpillar. Primary parasites which have been recorded from the 
larva and pupa are: Pimpla conquisitor Say (see figs. 3 and 4), P. 
inquisitor Say, P. pedalis Cress., P. annulipes Brullé, Apanteles con- 
gregatus var. rufocoxalis Riley, A. clisiocampe Ashm., Limnerium 
fugitivum Say, Ameloctonus clisiocampe Weed, Anomalon exile 
Prov., A. anale Say, Spilocryptus extrematus Cress., Rhogas inter- 
medius Cress., Bracon gelechiw Ashm., Diglochis omnivorus Walk., 


@Tech. Bul. No. 6, N. H. College Agric. Exp. Sta., p. 2 (19038). 
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Theronia melanocephala Brullé (?), and the dipteron Frontina 
frenchit Will. 

Among predaceous insects are several species of ground beetles 
which are said to feed upon the larve, among them Calosoma seruta- 
tor Fab. Among the Hemiptera Mr. A. H. Kirkland has observed 
several species of Podisus attacking the larve (Podisus placidus Uhl., 
P. modestus Dall., and P. serieventris Uhl.) and the rudiviid Dz- 
plodus luridus Stal. Also, according to Professor Bruner, Podisus 
spinosus Dall. and Perillus claudus Say are enemies of the caterpil- 
lars. 

While most birds, as a rule, do not feed on hairy larve, such as 
the tent caterpillar, yet several species are known to include this 
insect in their diet, as the black-billed and yellow-billed cuckoos, the 
bluejay, and, according to Mr. E. H. Forbush, the crow, chickadee, 


Fic. 3.—Pimpla conquisitor, an important parasite of the tent caterpillar: a, Larva, 
enlarged; b, head of same, still more enlarged; c. pupa; d, adult female, enlarged ; 
e, f, end of abdomen of adult male, still more enlarged. (From Fourth Rept. U. S. 
Hntom. Comm.) 

Baltimore oriole, red-eyed vireo, chipping sparrow, and yellow war- 

bler. Kirkland states that the common toad feeds greedily on tent 

caterpillars, he having found in their stomachs the remains of from 

15 to 20, and in one instance 37 of these larve. 

The caterpillars are also subject to destruction by a bacterial dis- 
ease, especially when they become grown or nearly so, and sick, slug- 
gish individuals may often be observed lying outside at full length 
on the nest. Larve killed by this disease are soft-bodied, the skin 
easily rupturing and permitting the escape of the liquid decomposed 


body contents. 
METHODS OF CONTROL. 


Removal of useless trees ——As has been stated, the unsightly nests 
of the tent caterpillars are especially apt to be found on wild cherry, 


apple, and other trees growing along roadsides, fences, and elsewhere. 
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In most cases such trees could doubtless be removed without disad- 
vantage, and their removal would greatly reduce the numbers of this 
pest by lessening their favorite food supply. 

Collecting the eggs——During the dormant period of trees, when 
the leaves are off, the egg masses are fairly conspicuous, and with a 
little practice may be readily found; it is then that they should be 
cut off and burned. ‘Trees infested with larve during the early part 
of the year, or those in the immediate vicinity, are perhaps more 
likely to be chosen by the parent moth for the deposition of her eggs, 
and such trees at least should be searched if it is not practicable to 
extend the work to the orchard as a whole. This work may be com- 
bined with pruning to good advantage, and a lookout should be kept 
not only for the eggs of this insect 
but for the eggs and cocoons of 
other injurious species which pass 
the winter on the trees. 


DESTROYING THE CATERPILLARS. 


Neglect to search out the egg 
masses during the winter will result 
in the appearance of the larve 
about the time the trees are putting 
forth foliage. The nests, at first 
small, are soon so increased in size 
as to attract attention. If the cater- 
pillars are destroyed as soon as the 
small nests are detected, this will Fic. 4.—Pimpla in the act of ovipositing 
prevent further defoliation of the — 0 cocoon of tent caterpillar. Some- 
trees, and the rule should be adopted Rea con 
to destroy them promptly as soon as discovered. In this work either 
of two practices may be resorted to, namely, destruction by hand or 
with a torch. 

When in convenient reach the nests may be torn out with a brush, 
with gloved hand, or otherwise, and the larve crushed on the 
ground, care being taken to destroy any caterpillars which may have 
remained on the tree. 

The use of a torch to burn out the nests will often be found 
convenient, especially when these occur in the higher parts of trees. 
An asbestos torch, such as advertised by seedsmen, will be satisfactory, 
or one may be made simply by tying rags to the end of a pole. The 
asbestos or rags are saturated with kerosene and lighted and the 
caterpillars as far as possible cremated. Some caterpillars, however, 
are likely to escape, falling from the nest upon the application of the 
torch. In using the torch great care is necessary that no important 
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injury be done the tree; it should not be used in burning out nests 


except in the smaller branches and twigs, the killing of which would 
be of no special importance. Nests in the larger limbs should be 
destroyed by hand, as the use of the torch may kill the bark, resulting 
in permanent injury. 

Spraying with arsenicals—Tent caterpillars are readily destroyed 
by arsenicals sprayed on foliage of trees infested by them. Dr. H. T. 
Fernald’s careful experiments and those of Professor Lowe in deter- 
mining the amount of poison necessary to kill the caterpillars show 
that the latter are very sensitive and are killed in from two to three 
days by the use of Paris green at the rate of 1 pound to 300 or 400 
gallons of water. 

Orchards or trees sprayed with arsenicals in the spring for the 
coding moth, cankerworms, or similar insects will be kept practi- 
cally free from tent caterpillars, and this species rarely requires at- 
tention at the hands of the up-to-date commercial fruit grower. It 
will be troublesome in the scattered trees around the home or in the 
small orchard. which is not regularly sprayed. On such trees the 
nests will likely be in evidence every spring, and during occasional 
years the caterpillars may be excessively abundant, completely de- 
foliating the trees. 

Even in the small home orchard of a dozen or more trees it will 


be found highly profitable to adopt a system of spraying which will 


control not only tent caterpillars but such serious pests as the codling 
moth, cankerworms, various bud and leaf feeding insects, and will 
greatly reduce injury from the curculio. 

Any of the arsenical insecticides may be used, as Paris green, 
Scheele’s green, arsenate of lead, etc. The former two are used at 
the rate of 1 pound to 150 or 200 gallons of water, and the latter at 
the rate of 2 pounds to 50 gallons of water, the milk of hme from an 
equal amount by weight of stone lime, as poison used, being added to 
1eutralize any caustic effect of the arsenical on the fohage. Pref- 
erably, however, the poisons should be used in Bordeaux mixture, 
thus effecting a combination treatment for insects and fungous dis- 
eases. On stone fruits, such as cherry, peach, and plum, arsenicals 
are likely to cause injury to foliage and must be used with caution if 
at all. On such trees the arsenate of lead is preferable, as it is less 
injurious to foliage, and on all trees sticks much better. In spraying 
for the tent caterpillar only, applications should be made while the 
caterpillars are yet small, as these suecumb more quickly to poisons 
than when more nearly full grown, and prompt treatment stops fur- 
ther defohation of the trees. 

Approved : 

JAMES WILSON, 
Secretary of Agriculture. 

Wasuineton, D. C., December 3, 1907. 
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L. O. HOWARD, Entomologist and Chief of Bureau. 


THE NUT WEEVILS.? 
By F. H. Carrrenpen, Sc D., 
Entomologist in Charge of Breeding Experiments. 


INTRODUCTION. 

Nut-growing in the United States would be a much more profitable 
industry were it not for the insects which inhabit the kernels, render- 
ing them unfit for food. This is especially true of the chestnut and 
chinquapin and to a lesser extent of pecan, hickory, and hazel nuts; 
while others, which include butternuts, walnuts, and almonds, suffer 
little or no injury from this source. Considerable diminution in the 
yield of many forms of nuts is also caused by the inroads of insect 
larvee in the growing husks. Examples of the first class are the chest- 
nut “ worms ” or weevils; of the second, the husk-worms and walnut 
eurculio. The present paper will be restricted to a consideration of 
the weevils. 

The chestnut crop suffers the greatest loss, and the chief depredators 
are the grub-like “ worms ” or larvee with which everyone is too dis- 
tressingly familiar. These larve develop with the nuts, so that those 
which first attain maturity are ready to leave and enter the ground 
nearly as soon as the nuts 


main in the nuts some 
weeks later; so it fre- 
quently happens that 
when nuts are packed 
for shipment in bags or 
barrels, some nuts which Fig. 1.—Chestnuts showing exit holes of chestnut weevil 
were apparently sound larve. Enlarged one-fourth (author’s illustration). 
when shipped are found, on reaching their destination, with one or 
more holes in their shells (fig. 1), while the repulsive grubs crawl 
about at the bottom of the receptacle. How to cope with these weevils 
has long been a most vexatious problem. 


Tue CyHestnut WEEVILS. 


In comparatively recent years chestnut culture has assumed consid- 
erable proportions, and has taken a new impetus since the extensive 
introduction and development of Japanese and European varieties. 
These are grafted on American seedlings or native stocks, and thus 
many valueless trees on equally unpromising soil are converted into 


4 Reprinted from Yearbook of the Department of Agriculture for 1904, pp. 
299-310, Pls. XXVIII-XXX, text figs. 17-26. 
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sources of profit. Were it not for the “ worms,” “borers,” and 
“ bhghts,” chestnut growing might develop into a most lucrative in- 
dustry in regions adapted to it. 

Estimates oF Losses.—A fair estimate of the damage done annually 
by weevils to chestnuts grown in the United States would probably 
fall little short of 25 per cent, while in some years the percentage 
exceeds that figure, running as high as 40 or 50 per cent. Growers 
in some localities report no damage, others place losses as low as 5 
or 10 per cent, while instances are cited of whole crops being de- 
stroyed. The amount of loss is dependent on locality, season, and 
to a more limited extent on the variety of nuts grown. The greatest 
damage is usually incurred in regions where chestnuts have grown 
wild for many years, and the least where there are no wild chestnuts 
or chinquapins and the nuts are grown only for market and are care- 
fully gathered. The most extensive losses, judging from available 
sources of information, appear to be in Massachusetts, Pennsylvania, 
New Jersey, New York (in the vicinity of New York City), Delaware, 
Maryland, Virginia, Tennessee, and North Carolina. 

In Georgia, Spanish and Japanese varieties have been cultivated for 
vears without attack by weevils being noticed. In New Jersey, 50 per 
cent of the same varieties have been ruined. A grower in Missouri 
has reported no damage to 50 trees of an American variety; another 
at South Haven, Mich., has reported no injury for a period of three 
or four years to Japanese and Spanish chestnuts grown there, while 
from 5 to 20 per cent of the crop of native nuts was annually de- 
stroyed. The nearly complete destruction of the chestnut crop of 
New Jersey for 1893 was reported. 

THE SPECIES OF CHESTNUT WEEVILS.—The species of weevils which 
infest chestnuts are two in number—the larger chestnut weevil, Bala- 
ninus proboscideus Fab., and the lesser chestnut weevil, B. rectus Say. 
They have extremely long, slender beaks or snouts, nearly as fine as a 
horsehair, and considerably longer than the body in the female. By 
means of this long beak the female is able to penetrate the thickest burr 
of the chestnut with its long spines and to cut out, with the minute and 
sharp mandibles at the tip of her beak, a little hole for the deposition 
of hereggs. These are inserted through the husk into the growing nut. 

The two species resemble each other greatly in color and in mark- 
ings, the general color of both being golden yellow, ochraceous, or clay 
yellow, frequently tinged with olive, and a little paler on the lower 
surface. The disk of the thorax is a little darker, with a wide bright 
band on each side, and the elytra, or wing-covers, are mottled with 
rich light brown or dark brown markings of variable size and extent.¢ 


“Occasional individuals lack the darker markings, some being paler, others darker, even 
reddish. The ground color, as may be seen in abraded specimens, is really black, and the 
apparent color is due to scales very similar to those of butterflies and moths. 
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THE LARGER CHESTNUT WEEVIL. 


(Balaninus proboscideus Fab.) 

The larger chestnut weevil (fig. 2) is considerably the larger and 
more robust species. The female rostrum or beak, although proportion- 
ately of about the same length 
as in the lesser weevil, is per- 
ceptibly more prominent  be- 
cause less curved, the curvature 
being toward the tip. It is 
also more widened at the base. 
The body measures from one- 
third to nearly one-half of an 
inch in length, and the beak 
of the female is often five- 
eighths of an inch long. That 
of the male (fig. 2, c) is nearly 
as long as the elytra. The 
egg is small, about one-six- Fic. 2.—The larger chestnut weeyil (Balaninus probos- 
entieot aninch lone. and of cues): a, JETS beetle; b, same in outline from 

5) side; c, head, rostrum, and antenna of male. Three: 
the outline shown in fioure times natural size (author’s illustration). 
8,d. It is nearly white, partially translucent, and without sculpture. 

The larva (fig. 8, a) is 
milk-white, robust, fully 
three times as long as wide, 
with the dorsal or upper 
portion rounded and con- 
vex. The entire surface is 
very strongly wrinkled 
transversely, and there are 
Fic. 3.—Larger chestnut weevil (Balaninus proboscideus): 4 few very short hairs scat- 

a, Larva; b, c, female pupa; d, eggs. All enlarged (au- i , 

thor’s illustration). tered sparsely over the dif- 
ferent segments. The head (fig. 4) is about one-fourth as wide as 
the widest portion of the body. It is provided with 
short but strong mandibles, by means of which it gnaws 
the kernel constituting its food. The fully developed & 
larva in ordinary resting position measures nearly half © 
an inch. Although the larva has no true legs, it is able 3 
to crawl, slowly and clumsily, it is true, by means of 
of the flattened lower surface, locomotion being aided je 4 pataninus 
by transverse wrinkles. proboscideus: 

The pupa is of a clearer whitish color than the larva, ee i 
and shows the principal external organs of the body of — ilustration). 
the future beetle, all, except the beak, folded tightly to the body. 
The female pupa is illustrated in figure 3, 0, c. 
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This species, like the other weevils under consideration, is native to 
America and is known from Rhode Island to Virginia, the District of 
Columbia, southern Ohio, and Tennessee, and westward to Kansas. 
The geographical distribution of this and the other nut weevils has as 
vet not been carefully studied, but in all probability it is considerably 
more extensive than above stated. | 

In some regions this species is quite generally known as the chin- 
quapin weevil, but the investigations conducted during 1904 indicate 
that, although it breeds in chinquapins and more commonly in chest- 
nuts, it occurs in greater abundance in the larger imported nuts. 


THE LESSER CHESTNUT WEEVIL. 
(Balaninus rectus Say.) 


The lesser chestnut weevil (fig. 5) has the scape of the antenna 
longer than in the preceding species and the first joint longer than 
the second. The average 
length of the body is about one- 
fourth of an inch, but the size 
varies, as in all of these insects. 

The distribution of this 
species extends from Canada 
and Massachusetts to North 
Carolina, Tennessee, and Ohio, 
and probably farther  west- 
ward. The writer has seen sets 
of specimens labeled “ Arizona.” 

| . Although in some localities the 
Fre, bor chestnut weevil (Belenines retue) Targer species is much more in 
view; c, head of male. Much enlarged (author’s evidence, taken all in all, the 
eo lesser weevil is the more com- 
mon and is probably even more widely disseminated. 

The egg has not come under observation, but is undoubtedly very 
similar to that of the preceding, being proportionately smaller, which 
is true of the remaining stages. 

The larva is only a third of an inch long and its length is about’ 
three times its width. The body is milk-white and the head light 
brownish yellow, while the A-mark has a short lateral branch each 


side. 
The pupa differs from that of the larger species by size and by 


characters shown in figure 6, which illustrates the male. 


*In the larger species the first joint (omitting the scape) is shorter than the 
‘second. In the female rectus the rostrum is strongly curved, the thorax is 
longer than wide, and the elytra are strongly acuminate apically. The tooth 
‘with which the thighs are armed is small, with the entering angle rounded. 
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LIFE HISTORY OF BOTH SPECIES. 


The life history of our two chestnut weevils is so similar as to be 
practically the same for both species. There are, however, minor 
differences. These, as well as related nut and acorn weevils, hibernate 
exclusively in the larval condition and in the soil. Both make their 
first appearance at about the same time—with the first blooming of 
chestnuts—but this period may vary from late in June to July, 
according to locality and season, or, more properly speaking, the 
mean temperature. At this time the beetles are found rarely and 
scatteringly, and as oviposition has not been observed then it is 
doubtful whether it begins until considerably later. What function 
these early arrivals fulfill is problematical. The beetles increase in 
number as the nuts approach maturity, or until about the middle of 
September or a little time before the nuts are first marketed. Then 
they may be seen in greater abundance, several pairs, frequently of both 
species, often occurring on a single bunch 
of burrs (fig. 8). . As it requires about two 
weeks for the egg to develop, it is not prob- 
able that they are laid much earher than 
when the nut begins to form. From exam- 
ination of many burrs gathered in the fall 
of 1904 by Mr. F. C. Pratt, of the Bureau 
of Entomology, who visited some of the 
principal chestnut groves of Pennsylvania * Paden 
and Virginia at the urgent request of grow- aides at Jette central aaienmen 
ers in those States, it is deduced that the  ‘sbt. Enlarged (author’s 

i . illustration). 
first eggs deposited are laid (seldom and 
very sparingly) in the soft, woolly material surrounding the forming 
nut; but later they are inserted in the kernel just under the inner 
skin, and occasionally they are deposited somewhat more deeply. In 
no case has the egg been found in the outer husk. 

Eggs are laid singly, but many are placed in a single nut, as high as 
40 or more (of the smaller weevil) in imported nuts, and as many as 
9 in native nuts. The larve when hatched feed on the tissue of the 
growing kernels, enlarging with their own growth the cells thus made. 
When, as is usual, several larvee inhabit the same nut, the interior is 
more or less completely hollowed out, and large masses of excrement 
are left behind (fig. 9). 

By the end of September or the first week of October the beetles dis- 
appear. At about the same time, when the nuts first fall, the larvee be- 
gin to mature and issue from round orifices which they gnaw through 
the shell and which vary in diameter from one-sixteenth of an inch, in 
the case of the smaller species, to one-eighth of an inch in the larger 
(see fig. 7). By the size of these holes alone it can be readily deter- 


mined which species is the dominant one in any given locality. Rarely 
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larvee bore through the burr. On leaving the nuts they burrow into 
the earth to depths varying from 2 to about 8 inches, according to the 
hardness of the soil. If confined in soft earth or sand they penetrate 
still deeper. The larval period probably lasts from three to five weeks 
in the nuts, and about ten months in the earth, pupation taking place 
within three weeks of the issuance 
of the beetle, the latter remaining 
several days in the earth before 
appearing above ground. 

The beetles do not fly readily, but 
cling tightly to their resting place 
or drop when disturbed; yet, as 
their bodies are not heavy and their 
wings strong, they are obviously 
Fig. 7.—Chinquapins, showing injury by les) able to cover considerable distances, 

RTOENE Eulaged (origina) ee  eomecially wath hie “wie 

rily, however, they are sluggish, 

like most other weevils, and probably do not go far from the vicinity 

of the trees which have sheltered them as larve, although they 
undoubtedly migrate when food is scarce. 1 


NATURAL ENEMIES. 


A natural enemy of the nut weevils is known, a small four-winged 
wasplhike fly, the braconid parasite Urosigalphus armatus Ashm., 
which develops in the body of the larva.? 


METHODS OF CONTROL. 


The most practical remedy for nut weevils that can be suggested is 
the early destruction of the “ worms” in the nuts by means of bisul- 
phid of carbon and the observance of clean orchard management and 
other cultural methods. It may be well to preface the discussion of 
these methods with a statement of the uselessness against nut weevils - 
of ordinary measures employed in the control of similar insects. 


UNSATISFACTORY METHODS. 


SromacnH porsons.—The peculiar structure, in the nut weevils, of 
the mouth-parts (minute mandibles placed at the end of a beak nearly 
as fine as horsehair and as long or longer than the body) is almost 
sufficient proof in itself that these insects do not feed on leaves, but 
depend for sustenance on the substance of the growing nuts. The 
beetles first appearing feed on the undeveloped, very young nuts and 
the juices within the husk. There is, therefore, no seeming possibility 
of reaching them with a spray of Paris green or other stomach poison, 


*Two other insects are associated with the weevils and are probably also 
their enemies, a proctotrypid parasite, T'richasis rufipes Ashm., and a predatory 
reduviid bug, Acholla multispinosa DeG. 
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Fie. 8.—Larger chestnut weevil on chinquapin burrs. Twice natural size (original). 
Cr 99) 


Fic. 9.—Imported nuts, showing different forms of injury by nut weevils. .1—Parry’s 
Giant nut, showing exit hole of Balaninus proboscideus ; 2—Same of B. rectus; 3— 
Interior of Paragon nut, showing larve of B. rectus in situ; 4—Same, showing work of 
one individual of B. proboscideus ; 5—Reverse side of figure 2, showing scars made by 


puncture of female B. rectus in ovipositing ; 6—Reverse of figure 1, with puncture of 


B. proboscideus. All natural size (original). 
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particularly as we are unable to place the insecticide where they 
would eat enough to kill them. 

Trap crops.—The cultivation of special varieties of nuts with a 
view to securing immunity from attack or as a means of luring the 
insects from the main crop does not offer any degree.of promise. The 
Paragon, Cooper, and Ridgeley varieties, according to Mr. G. H. 
Powell, of the Bureau of Plant Industry, suffer greater loss from 
weevil attack than Japanese varieties. Chinquapins are favored by 
the smaller weevil and suffer far more damage, as a rule, than wild 
chestnuts. It is possible that the planting of the varieties specified, 
or, better, of chinquapins, at intervals around, as also through, 
orchards of the least affected varieties might lessen the loss to the 
main crop. Ifa variety could be produced which would mature fruit 
before the advent of the beetles in greatest numbers, this would 
partially solve the problem, particularly as the earhest nuts bring 
the highest prices. The nuts gathered toward the end of the season 
are comparatively uninjured, but by this time the market value is 
considerably lower. 

Conracr porsons.—Scarcely more can be expected from the use of 
contact poisons, such as kerosene emulsion, since in view of the long 
period spent by these weevils in the adult stage (from June and July 
to September or October) such frequent applcation would be neces- 
sary that the expense would destroy the profit. 

JARRING THE TREES, as practiced against the plum curculio, is for 
the same and other reasons equally impracticable, save, perhaps, on 
young trees grown 1n a small way. 

THE WATER TEST OF INFESTATION.—Having doubts of the efficacy of 
this old-fashioned test of the difference between ‘“ wormy” and 
healthy nuts, an experiment was made by the writer with native 
chestnuts obtained from a street vender. To begin, 40 per cent were 
obviously “ wormy,” and only 60 per cent apparently sound. 


Results of water tests with native chestnuts. 
| 


Nuts which rose to surface. Nuts which remained on bottom. 
Per cent. Per cent. 
leimimiestedsees maa. is See ee On Pinipentect, conditions. essa ee 40 
Showing minute marks only; good Sifeslartsl ayant Cle se ee eee eee 30 
LHVORsm SAL aD Lesa 20 n Mac LyalMhes Cede. == ss Si eas ee 20 
Containing full-grown grubs_______- 10 | Completely filled with grubs_______- 10 
Containing immature grubs_________ | 60 | 


As will be seen from this experiment, noticeably wormy nuts, as 
evidenced by loss of weight and the exit holes of the “ worms,” 
naturally rise when placed in water, but the remaining nuts may or 
may not be infested, and hence require further test than whether 
they will sink or float. 
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DIRECT REMEDIES, 


BISULPHID OF CARBON.—The value of bisulphid of carbon as a fumi- 
gant for chestnuts infested by weevils is now fully established. 
Although at first thought it would seem difficult for the gas to pene- 
trate through shells so firm and compact and kill the larvee, neverthe- 
less a prominent grower in Pennsylvania successfully uses the bisul- 
phid, applying it when the nuts are first harvested. The dead weevil 
larvee are at this time so small that the average person would never 
detect their presence, while if they were permitted to develop they 
would soon destroy the nut for food. Bisulphid of carbon has been 
used on the largest chestnuts grown in this country, and, since a score 
or two of larve find shelter in a single nut, one can appreciate the 
desirability of prompt fumigation. The grower mentioned uses 
bisulphid of carbon at the rate of 1 ounce to a bushel of Paragon nuts 
placed in a kerosene barrel of about 50 gallons capacity and covered 
by sacking. After an exposure of about sixteen hours the nuts are 
removed, the larve being then practically all destroyed. Several 
hundred pounds were treated in 1904 in this manner with perfectly 
satisfactory results. To verify reported results, Mr. Pratt was 
detailed to visit the infested orchard and witness the process. This 
method could be employed at less expense by using tightly fitting 
covers, the effectiveness of the fumigation being in exact proportion 
to the tightness of the receptacle and the length of exposure to the 
fumes. Therefore, a longer exposure of one or two days, with per- 
haps one-half ounce of bisulphid, should accomplish the same purpose. 

SCALDING AND DRYING.—Some growers make a practice of plunging 
the nuts as gathered into boiling water just long enough to kill the 
contained insects and yet not injure the nuts for sale, after which 
they are dried before being marketed. This may be profitably accom- 
plished by using a large sieve, which is filled with nuts, dipped in the 
water, and removed in about five minutes. The late W. P. Corsa 
used a washtub, in which was placed a bushel or so of nuts, pouring 
in enough boiling water to come an inch or two above the nuts. 
Then, by stirring vigorously with a stick, the bulk of the weevilly 
nuts would come to the surface in the same manner as do peas and 
beans affected by weevils. The infested nuts are skimmed off and 
destroyed, or they may with profit and safety be fed to hogs, pro- 
vided the animals do not have a too exclusive diet of this form of 
food. Salt water, it is claimed, is preferable for scalding, the brine 
serving to keep the shell soft and pliable and rendering the kernels 
more palatable than when not thus treated. 

Different methods are employed in drying. A good way is to place 
the nuts in the sun and agitate them occasionally by stirring or 


“Note the writer’s observations on this head on p. 9. 
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shaking in a bag until thoroughly dry, because if moisture remains 
unevaporated it is apt to form mildew when the nuts are prematurely 
packed for shipment. 

Nuts for planting should not be scalded, and care should be taken 
not to cook the kernels of nuts intended for sale. Some growers 
claim that the hot-water treatment is objectionable because the nut- 
shells lose a certain degree of polish, rendering them less desirable 
for market. 

Heat.—Infested nuts can be subjected to a temperature of be- 
tween 125° F. and 150° F. without injuring them for food or for 
seed, and this will effect the destruction of the larve within. Some 
growers of chestnuts destroy the weevils by kiln-drying. 

Cop storace.—Cold storage has been employed and is successful 
in arresting the development of the larve. The appearance of the 
nuts is scarcely different from that of those not so stored, but nuts 
thus treated and submitted to the writer after becoming dry were 
deficient in flavor, having an acrid and moldy taste. 

A crude form of cold storage has been successfully followed by a 
Virginia grower. It consists in placing nuts in the earth under the 
shade afforded by his house, where the soil temperature, after the 
nuts are gathered, does not exceed 50°. Since most insects are inac- 
tive below 51° this has the effect of restraining their development, 
causing the eggs or minute larve to die. 


PREVENTIVES. 


CHOICE OF LOCATION FOR THE ORCHARD.—The selection for the 
planting or grafting of chestnuts of a locality with reference to the 
chances of immunity from injury by nut weevils is a matter of great 
importance. For this reason it is most undesirable to plant in the 
immediate vicinity of woodland abounding in wild chestnut and chin- 
quapin, since these trees furnish natural breeding places for the in- 
sects, and are, therefore, a constant menace to successful chestnut 
culture. Too frequently growers suffer losses from weevils because 
they neglect to gather the wild chestnuts or chinquapins in the 1m- 
mediate vicinity of their cultivated groves. Another phase of bad 
management which is frequently practiced is the grafting of culti- 
vated varieties on native chestnuts growing in rocky and uneven soil, 
often on hillsides, as shown in figure 11. In such places it is impos- 
sible to harvest a complete crop, and, what is of equal importance, to 
gather the remnants. Hence, to secure these results, it is 1mpera- 
tive to plant or graft trees on smooth ground (fig. 12), first for the 
sake of economy, and second to permit the collection of all of the 
nuts, leaving none for the propagation of weevils. It is also neces- 
sary to keep the soil clean of herbage, as shown at the left of fig- 
ure 12—not overgrown with brush, as illustrated at the right. 
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CAREFUL HARVESTING.—It is always advisable to gather the entire 
crop, leaving none on the ground, and either place the nuts in tight 
receptacles or fumigate with bisulphid of carbon before marketing. 
The grubs crawl out soon after the nuts have been gathered, and as 
they require considerable moisture they will die if confined in closed 
barrels or boxes. The trouble is that enough nuts are usually left in 
orchards or in adjoining wood or forest land to-serve for the propaga- 
tion of the insects the following year. In order to make the method 
of treatment here described thorough, 1t will be necessary to secure the 
cooperation of neighboring landowners who grow chestnuts for mar- 
ket and of all who own woodland containing chestnut and chinquapin. 

The collection of remnants can be made by children or the unem- 
ployed. It is also profitable to allow hogs the run of the orchards to 
destroy what nuts remain after the crop has been harvested. In the 
mountainous sections of Virginia and Pennsylvania it is a common 
practice to fatten swine on the unpicked fallen nuts. Hogs fatten on 
nuts and acorns as well as on corn, and without expense to the grower. 

CoorrrAtion.—The results of the observance of clean farming on 
the lines that have been indicated may not at once be apparent, but in 
course of time, if this work 1s systematically carried out by all grow- 
ers over a considerable territory, infestation will be very materially 
decreased. An important point is to ascertain how far the insects 
fly. Their structure indicates that they are strong fliers and capable, 
with favoring winds, of migrating considerable distances; but under 
ordinary circumstances they probably do not fly many miles at a 
time or in a given year. 


Tue Pecan WEEVvIL. 
(Balaninus carye Horn. ) 

With the increase of pecan culture in our southern States frequent 
inquiry is made in regard to the cause of the holes in the nuts 
(fig. 10), and during 
1903 and 1904 there 
were reports of great 
injury of this nature, 
SS more particularly to 
ea pecans grown in Texas, 
= where considerable loss 
was reported, and in 
Georgia, where in one 
locality 75 per cent of 


= —SSSSSS SS the crop was a failure. 
Fig. 10.—Pecan nuts showing exit hole of pecan weevil larve. A shortage has also 
One-third enlarged (author’s illustration). : ce ; 


ee 
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been reported in Mis- 

sissippl. ‘The imsect involved in these cases is the pecan or hickory- 

nut weevil, a pest which is evidently destined to become one of the 
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Fic. 11.—Paragon chestnut orchard, growing on hillsides, showing impossibility of clean 
orchard management. 


, 
4 


2 peabalone 


Fic. 12.—Paragon chestnut growing on plane surface, where clean methods of cultivation 


can be practiced. 
1Gir-6.99)] 


14 


principal drawbacks to the cultivation of the pecan. Indeed, in many 
parts of the South it already divides that distinction with the husk- 
worm, so that it has been truthfully said that what the husk-worm 
leaves the weevil destroys. 

The beetle (fig. 13) is about the same size as the larger chestnut 
weevil, from which it may be distinguished by its much duller color @ 
and by the relative lengths of the first and second antennal joints, the 
first joint being longer than the second in the pecan-infesting species. 

The larva differs from that of proboscideus in being decidedly yel- 
low, having the head bright 
red and wider than long. Its 
cervical plate also is darker. 
The pupa is similar to that of 
the larger chestnut weevil. 


from New York to the Gulf, 
and westward at least to Lowa. 
The life history of this wee- 
vil, as it occurs in the pecan 
in the South, is, so far as can 
be gathered from reports from 
Fie. 18.—Pecan weevil (Balaninus caryx): a, Female, Georgia and Texas and from 
tonal, Mew, mame, lateral view, in cuine; Inboratory experiments, very 
two and one-half times natural size (author’s similar to that of the chestnut 
canon): weevils. According to the ob- 
servations of Mr. H. A. Halbert, at Coleman, Tex., the female begins 
to deposit her eggs in August while the pecan is still immature, and 
the larva usually escapes from the nuts in the latter part of Septem- 
ber and in October; but most of them do not issue until the husks 


open, allowing the nuts to fall. In Georgia they have been found in _ 


the nuts as late as the middle of January. 


REMEDIES. 


The same care in the selection of the site for a pecan orchard is 
advised as in the case of chestnut culture, with this difference, that the 
grower should avoid planting in the vicinity of wild pecan and hick- 
ory of whatever kind. The entire crop, also, should be harvested or 
hogs should be turned in to devour what nuts are left. At Thomas- 
ville, Ga., Mr. Wilmon Newell observed in 1904 that where swine and 
chickens had had access to a pecan grove, the ground was well rooted 
and scratched up and there was less loss from weevils than in the pre- 


“'The ground color is uniform dark brown, nearly black, and the scaly covering 
(which characterizes the chestnut weevils) in this species is hair-like on the 
thorax, fine and somewhat sparse on the wing-covers, and much duller, with 
little or no mottling. Moreover, the beak of the female is, comparatively, a little 
shorter, although of about the same curvature, and is less widened at the base. 
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vious year. Evidently both hogs and poultry devour the larve in the 
ground. 

At the time that bisulphid of carbon was first suggested as a remedy 
for chestnut “ worms ” it was feared that the firm and compact shell 
would hardly permit the gas to penetrate and kill the contained larvee. 
Experience, however, has shown that this remedy is successful in the 
ease of chestnuts, and it is not impossible that it might be adapted to 
pecans, using a larger amount of the chemical and a longer exposure 
in a perfectly tight receptacle. We can as yet scarcely advise this 
method on a large scale, but it should certainly be tried experimentally. 


Tue Hazetnut WEEVIL. 
(Balaninus obtusus Blanch. ) 

Hazelnuts or filberts are injured in much the same manner as are 
chestnuts and pecans and by a similar weevil. Injury was recognized 
as early as 1841, but was attributed to 
other species than that under considera- 
tion. Owing to the comparatively slight 
importance of the hazel as a nut tree in 
this country, few notices of losses from 
weevil attack have been recorded. The 
weevil which affects the nut was not 
differentiated from others of its kind 
until 1884. In 1891 it was reported as 
badly damaging hazelnuts in Towa.. 

The beetle (fig. 14) differs from others 
which attack edible nuts, exclusive of Fie. 14.—Hazelnut weevil (Balaninus 
acorns, by its shorter, more robust form ae ee a eee 
and shorter beak.t It is about one- male from side. Enlarged (original). 
fourth of an inch in length, and the 
beak does not exceed half the length of the body. The vestiture 
varies from gray to ochreous, and the elytra are moderately mottled. 

This species occurs from Massachusetts and New Hampshire west- 
ward to Minnesota and Texas. Injury has been noted in Massachu- 
setts, New York, Indiana, Iowa, and Minnesota. 

Of the life history httle has been recorded beyond the fact that the 
“worm ” issues from the side of the nut, and that paired adults have 
been found on hazelnuts in July. 


REMEDIES. 

Since hazels are not cultivated in this country to any extent, no rem- 
edy need be employed other than gathering entire crops and destroy- 
ing isolated bushes where it is unprofitable to gather the nuts. It 
would be quite possible, owing to the small size of the hazel plant, to 

control this species by jarring, as for the plum curculio. 


“The appendices of the claws are broadly rectangular, and the femora or thighs are 
armed with large teeth. The scape of the antenna in the female is long. 
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AN INDEX TO CIRCULARS 1 TO 100 OF THE BUREAU 
OF ENTOMOLOGY. 


By Rouia P. Currie and ANDREW N. CAUDELL. 


The first circular of the present series, or what was formerly 
known as the second series, of the Bureau of Entomology was issued 
in 1891, while Circular 99 was issued in 1908. The circulars of the 
first series, something over 40 in number, were nearly all merely cir- 
cular letters and had only a temporary value. Very few of these first- 
series circulars are now known to exist, and even the titles of most of 
them are now unknown. 

While some of the circulars of the present, or second, series were 
in the nature of emergency circulars, and were therefore soon discon- 
tinued or superseded, yet very many others were popular summaries, 
containing in condensed form all the important data available con- 
cerning the particular insects discussed. They have therefore a dis- 
tinct value to the student and worker in economic entomology as well 
as to the farmer, forester, horticulturist, and general reader. Many 
of the insects treated have not yet been made the subjects of bulletins 
or been considered in other publications of the department, and much 
information contained in these circulars is therefore not to be found 
elsewhere. 

To make this information more easily available and to prevent it 
from being overlooked, the present index has been prepared, and it is 
hoped that it will be of use to all who read or consult the circulars 
of the bureau. 

For convenience the index itself is preceded by a list of circulars 
1 to 100, with their revisions. This list may be considered as complete 
and final, since the policy of issuing revised editions of circulars, i. e., 
under the original serial number, has been discontinued and no more 
such will be published. 

Where circulars have gone through one or more revised editions the 


latest edition is the one indexed. 
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Temedies..}iis. Vass Peers eee ae eh ee ees 21, rev. 
Anthrenus lepidus, not known to attack carpets........---.--------- 5, rev. 
scrophuleria, Cmremilan. Sa). Joe Se te oe ae eas 5, rev. 
TEMEdMICS 35: Peisinse eo aeh miele one ener 5, Trev. 
Anthurium crystallinum, fumigation with hydrocyanic-acid gas... .. 37, Tev. 2 
Ant, little black. (See Monomorium minutum.) 
brown. (See Lasius niger var. americanus.) 
red. (See Monomorium pharaonis.) 
pavement. (See Tetramorium cxspitum.) 
white ( Penmes flavipes) circulate seen esses 2 eee see eee 50, rev. 
-hydrocyanic-acid gas as remedy ose eee 46, rev. 
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OMETICENG 2 6 cURL eee eee ee 98 
glomeratus, parasite of Pontia rapx#............----------- 60 


eee ee ee ee ewe 


Aphis, apple. 


INDEX TO CIRCULARS 1 TO 100. 


Aphelinus mali, parasite of Schizoneura lanigera...........---------- 
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mphides affecting the apple, circular. .-.. 5222280252. 229 2222 e222 


TEMECUICS aes ae teee eies eee 
tobacco as remedy 


Aphidius fletcheri, parasite of Macrosiphum pisi......-.-.----------- 


washingtonensis, parasite of Macrosiphum pisi....-..------ 
(See Aphis mali.) 
apple, rosy. (See Aphis malifoliz.) 
avenz. (See Siphocoryne avenz.) 
black. (See Aphis gossypii.) 
brassiex control byenaturalienemies...::52522.2.22225-52322¢ 
hestothysrphlebus tritici a. 22 2.5255 92222252 ee ee 
cabbage. (See Aphis brassice.) 
CULO — A DISH GOSSY Piteeereles S52 Soe ee eee ee eee ee cee 
CUA DIIISHGOSSYPltnen ao ae tee eee nent ee tae eee teen ee 
corn leaf. (See Aphis maidis.) 
root. (See Aphis maidi-radicis.) 
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squash. (See Nectarophora cucurbit2z.) 
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MOSbS! OLNOT7LELS PD eee vats a ieee EU ra er Sa, TENG 
malaria thereof carried by mosquitoes.............----------- 40 
Bisulphid of carbon. (See Carbon bisulphid.) 
BitingshapltiomSlOnvony Sica Ciena MS a) eee eet el a tee ata { 71 ae 
Black aphis, colloquial name for Aphis gossypii........-.----------- "80 
beetle, colloquial name for Blatta orientalis.........----------- 51, rev. 
Blackberry, food plant of Anthonomus signatus.......-....---------- 21, rev. 
Macrodactylus subspinosus.......--------- 11, rev. 
Blackbirds, enenes of erasshoppers: e255 cee ee. oak cee cee see eee 84 
Black knot. (See Plowrightia morbosa.) 
Blacus fuscipes, parasite of Scolytus rugulosus.......---------------- 29, rev. 
Blankets, horse, food of Trichophaga tapetzella........-.....--------- 36, rev. 
Blarina brevicauda, probable enemy of Jsosoma tritici..........------ 66, rev. 
Bilatiaionientalis enetal aecOuUmbascse see ee] sae ee cse ste cee ee 51, rev. 
RENO OYEY6 Hehe Seana SAP eat ME ec 8 eRe eres Ma nets hatdae 51, rev 
BilatiellagGenmaniegd, Ceneravaccoun tes se res. sce eee ee see see 51, rev 
TEIMOMICS He SU, BU CL ACERS Male ca ee ee Cee eee 51, rev 
“Blight, American,’”’ foreign name for woolly aphis of apple..-...-.--- 20, rev. 
“Blights,” colloquial name for work of chestnut weevil larvee....... 99 
1OOCUOL DIAG ONCHLONGICONIsatee eee eee eae eee 59 
Blister beetle, striped. (See E£picauta vittata.) 
beetles, the “‘old-fashioned potato bugs”’...........-.------- 87 
Blowfly, common name for Calliphora erythrocephala.........------- { 71 ae 
, TeV. 
Blueberry. (See Vacciniwm sp.) 
Bluebottle fly. (See Calliphora erythrocephala and Lucilia cesar.) 
small. (See Phormia terrenove.) 
Blue-grass, Kentucky. (See Poa pratensis.) 
Bluejay, enemy of Malacosoma americana........-....------------- 98 
Boards, barrier against peach-tree borer-2-2 2452222225222 22 cesses ne = 54 
Boats, infestation by; Cumex ecvulanise= sae eens sae eee eae 47, rev. 
COCKTOACHTES 8h. . APCs amuse Wes oter s n Seon Stee 51, rev. 
Bobwhite. (See Quail.) 
Beotomus subapterus, parasite of Mayetiola destructor.......-.----- 70 
Boll weevil. (See Weevil, Mexican cotton-boll.) 
Bone, dissolved, ineffective against strawberry weevil.........----- 21, rev 
Book bindings and paste eaten by cockroaches........-....--------- 51, rev. 
lice, hydrocyanic-acid gas as remedy....---------------------- 46, rev. 
Books destruction yn eHnves La DU DeSean aes ee tet rier eters 50, rev. 
injury by cockroachest.) Mes sain Cae aaa ene earner ern ce mete 51, rev. 
IGEDIS INO: SACCHORUTG) sree a Ane ae ee enn eee Seen ee 49 
Boophilus annulatus on sheep, circular:: 2222222. 222222-c-2--5 2 eee 91 
Boraxiand sugariacainst ants sei 4 ween A eee ee ete areca 34, rev. 
Bordeaux mixture against periodical cicada........-.---..-......-.-- 89 
Strawberry. Wweevilwcw ete seeeme ea peee ae 21, rev: 
and arsenate of lead against fungous diseases and 
striped cucumber 
CREOLE ee ct eee 31, rev. 2 
rose-chafer.......... 11, rev. 


strawberry weevil. - 21, rev. 
arsenicals against apple-tree tent caterpillar. 98 
southern corn root-worm. . 59 
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No. 
Bordeaux mixture and kerosene emulsion against pear-tree psylla- - a 
Paris green against strawberry weevil......- 21, rev. 
Borer, flat-headed apple-tree. (See Chrysobothris femorata.) 

peach-tree. (See Sannina exitiosa.) 

round-headed apple-tree. (See Saperda candida.) 

spotted apple-tree. (See Saperda cretata.) 

) squash-vine. (See Melittia satyriniformis.) 
Borers, colloquial name for chestnut weevil larve........----------- 99 

Pins Unyato) cirdledieyipresspsestss]je hese 2 cea ateecwes oes 82 
Bot-fly, colloquial name for Hypoderma lineata...........----------- 25 
Box elder, food plant of Chrysobothris femorata.......-----.--------- 32, rev. 3 

LE MLOCONISUMULMLAUUS ae ee a eee eee 28 
PUVUTORID VU NUTVETQUIS 2 2 52222 525 ose 64 
Thyridopteryx ephemerxformis.......-.----- 97 
Brachynus kansanus, enemy of Leptinotarsa decemlineata.......-.--- 87 
Bracon anthonomi, parasite of Anthonomus signatus......-.-.------- 21, rev. 

charus, parasite of Chrysobothris femorata.......-.--.-.------- 32, rev. 3 

gelechiz, parasite of Malacosoma americana.......-.--------- 98 

pectinator, parasite of Chrysobothris femorata..........------- 32, rev. 3 
Bran mash and Paris green against imported cabbage worm....-..- 60 

poisoned; against grasshoppers. 2). 2532 ashe fs e 84 
IBidsesrdesimienonubiy, white aMmtsems woe sere ye hoe) ao kee 50, rev. 
Brimstone (see also Sulphur). 

ALANS TCLOV ET MTL Mee sie ee seealareys re eae arse 2 ao) la all 19, ed. 2 
imaneaPainsG powder-post Deewles: Go. 8 ko ons einen seca nese sce 55 
xTitish Columbia, laws relative to importation of American plants, 

RECS PU GLIUINES ep enn SEER rhea) Falun hy Mabe oy era 41 
Broccoli, food plant of Murgantia histrionica.............-.----.---- 10 
Brodetare, Swedish name for Blatta orientalis..............--------- 51, rev. 
Bromus, food plant of Mayetiola destructor or related species... ..-.- 70 

hordeaceus, food plant of Toxroptera graminum.......------ 85 

porteri, food plant of Toroptera graminum.........-------- 93, rev. 

possible food plant of Tozoptera graminum..-....----------- 85 

sp., food plant of Tozoptera graminum........--.-+-------- { 93, eo 

unioloides, food plant of Diabrotica 12-punctata............. 59 
Brood, American foul. (See Foul brood, American.) 

chilled, overheated, or starved, of bees...............---..--- 79 

European foul. (See Foul brood, European.) 

STON ENES (EON Oy i Oey Sh Se, eee en 02 RT A RL La 79 
Broom corn, food. plant of A phis maidis: ~~ 02-320. 060s 2060s eee e's 86 
Brown-tail moth. (See Euproctis chrysorrhea.) 

Bruchophagus funebris (see also Clover-seed chalcis). 
SCNCLAL ACCOMM AN epee as SOU ee oe 69 
MOMVECIO SEL Nic einsel ed beech ae ee lel th a ol arty edn LAAN 69 
Brush and cultivator method against pea aphis................-...- 43, ed. 2 
; paneMethodiagainst pea aphisyesassseseees see ee eee ee 43, ed. 2 
Brushing against Colorado potato beetle. ......2.-...-.-0.-02+02000- 87 
SOOT COTM G2 eyes eset a it OMCs Lie MAU lee TLR en By { 93, Wes: 
Bryobia pratensis, circular....... cote eek CEO Us ALAS UY nb ce. 19, ed. 2 
POLE TSS ia es ee en Pa eee Meee ey Was te dk li 19, ed. 2 
Bud-worm, colloquial name for Diabrotica 12-punctata............... 59 
tobacco. (See Chloridea virescens and Heliothis obsoleta.) 
mertiiialo, Rost Of Ay poder me UNEOIA. 2o 0 cio apeisielsl soins sss alsiewess 25 
moth. (See Anthrenus scrophulariz.) 
tree-hopper. (See Ceresa bubalus.) 
Buhach. (See Pyrethrum.) 
Bmlldings, destruction. by white ants) eo eet hao cae eeeemdeeneet 50, rev. 
Bumblebee, agent in pollination of red clover..........-........---- 69 
Bumelia, food plant of Eulecanium nigrofasciatum............------ 88 
Burdock. (See Arctium.) 
Burasss, A. F., circular, ‘‘Requirements to be Complied with by 

Nurserymen or Others who Make Interstate Shipments of Nursery 

SHOE ee et Be hes OMS ME sh ns AE TRIE HE a Res TU Pe 75, rev. 2 
BURKE, H. E., circular, “ Black Check in Western Hemlock”’...... 61 
Burlap barriers against fruit-tree bark-beetle..............-.-....-- 29, rev. 
Burning against apple-tree tent caterpillar.............-..---------- 2 

WOllewiceydlosee eee ee ast seca sh a oom mU eu { 95, rev. 
COTM SHAK OTOT te eee eye, cierto hide closeiniele ate ime ielera eke 16 
SOT CRTUNO IESE seis eee elect i A ece the thant creralehate 93, rev. 
ET CSS IAIN eres Ene ee ces chee eae cai nee Att Gul aa { h oO 
VOVUAN AMNION 8. ie, Ae pees er NA ee RE ES NUN SNE 66, rev. 
POWGer-poOst beetles sew see ee 55 
SOULS nieces Beam peat ie ee rei 8 1) ae Noi ea a 39, rev. 2 
Burying of nuts in soil against chestnut weevils.......-..--------.-- 99 
Butterfly, cabbage. (See Pontia rapz.) 

rape, colloquial name for Pontia rap#..........-...----- 60 

southern cabbage. (See Pontia protodice.) 

white, colloquial name for Pontia rap#..........-------- 60 


Buttonweed. (See Diodia.) 
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Circular 
No. 
C. 
Cabbage aphis. (See Aphis brassicz.) 
bug, harlequin. (See Murgantia histrionica.) 
butterfly. (See Pontia rap2.) 
southern. (See Pontia protodice.) 
food plant. .of Aphis brassic# 6.2 6.652202- 2545-2568 -eeeeee ee 80 
Dinbrotiea 12-DUNCHG 2 oa sae e ee eee eee 59 
Leptinotarsa decemlineata...........-...--+.-- 87 
Murgantia histmoniet... 553 0056022 535 tae sees 10 
Pegonriye OTasKtewe i Peles es os oe ee 63, ed. 2 
Pusciceps. ne: PEE er my Mo te 63, ed. 2 
PORT PTOWUICE. sa cons cs Sate ee pees eee 60 
TOPE ees awa sae cele oe ee 60 
hairworm. (See Mermis albicans.) 
looper. (See Autographa brassicz.) 
maggot. (See Maggot, cabbage, and Maggot, radish.) 
rattlesnake, colloquial name for Mermis albicans........-.- 62, rev 
snake, colloquial name for Mermis albicans .........-..--.- 62, rev 
worm, colloquial name for Mermis albicans............--.- 62, rev 


imported. (See Pontia rap2.) 
southern. (See Pontia protodice.) 
“Calico back.”’ (See Murgantia histrionica.) 
California, requirements relative to shipment of nursery stock..:....| 5, rev. 2 
35 


Calliphora erythrocephala in houses, habits............---..----.---- 


71, rev 
Calosoma calidum, enemy of Leptinotarsa decemlineata..............- : ‘ 
scrutator, enemy of Malacosoma americana...........----- 98 
Calyptus tibiator. (See Sigalphus tibiator.) 
Camnila pellucida, circwlat. is i202. Pacino cies ce doin onan See 53 
destructive to grain and grass crops, but little 
INjUEOUS TO Alialian = = Seen eee eee 84 
TOMCMIOSha we cs eee os ba srs toes Soa eee ene 53 
Camphor SPaiNSt ants ..a- foc ceeds mete. ca te ee oe a eereerae ee 34, rev. 
Clothes Moths foes She Ss ee bse ee es aes es ee 36, rev. 
as remedy for ““chicgers?’ 2 Sete. tee ce eee ee 77 
Canada, laws relative to importation of American plants, trees, and 
WUNULS Seo.) ec cers fe cele shel ore ee ae Se 41 
shipment of nursery stock......-...---....- 75, rev. 2 
Canker-worm, fall. (See Anisopteryx pometaria.) 
spring. (See Paleacrita vernata.) 
Caniker-wormsnCircular. fee cose see tance | come Oe ee ne aaa es ee 9 
TOMCGICS = Baoan fect lors sicls = natin jee cis aie) ae ee eee 9 
Canna, food plant of Diabrotica 12-punctata........--------..-------- 59 
Cannibalism among cockroaches, probability ........-.-.-.......-.- 51, rev. 
MAT Vee Ole tSSOGESISUTOULE eee ee a ne ee 90 
WHITCIANISS Ah Lo She cis) coe aes ape 50, rev. 
Cantaloupe (see also Cucurbits, Melons, and Muskmelon). 
food plant of Diabrotica 12-punctata......-....---------- 59 
Vitlala sere Sees eee eee 31, rev. 2 
louse, colloquial name for Aphis gossypii.........-.....- 80 
Cape of Good Hope, laws relative to importation of American plants, 
trees “and fruitse.2 o-oo ais coe ce rier eon cee ee een oe here 41 
Carbolic acid against'ox warble... 252. 5 )0 2 same eel cee “ » 25 
periodical cicada, ineffective..-.........-.-.-.. 89 
Strawberry weevils: tue 2 > nn eee 21, rev. 
asiremedy for “chiggers? a Sea 2... ee Ths 
and kerosene against common hen louse..............- 92 
lime against common hen louse....-.-.......-...- 92 
oils'againshoxpvarblece-speosscee eee tee eee ete 25 
soap against fruit-tree bark-beetle................. 29, rev. 
peach-tree borer... .. -. 5... c2uset eee 17 
round-headed apple-tree borer....... 32, rev. 3 
whitewash against chicken mite.................. 92 
emulsion against cabbage maggot................--... 63, ed. 2 
Seed-comumarsota: aera ee eae 63, ed. 2 
of no value against locust borer.............. 83 
soap, Paris green, lime, and clay against peach-tree { 17 
OPO Satan be teie cities le ciorsis Mele Dee CEE Pe Ee Rees 54 
Carbon bisulphid egainstiants?. 22.2 J2.2. 42.02 -- oeeee bene eee 34, rev. 
cabbage marodpssstas coer ane ee eee eee 63, ed. 2 
Carpetvibectle ce Secyy jae es a oie eee ea 5, rev. 
chestnut WeevilS:.\): ssc peeee ene creer 99 
COCKPOACHESE SS S20 Des Seta ele eee a 51, rev. 
imported onion mareots 2.222). eee eeeeee 63, ed. 2 
little:ned ante: Ses Sa eee 34, rev. 
mMeloniaphise si a sce eee ae 80 
peach=tree: borers. oe cee eee ee eee 54 
pecan weevil, possible utility............. 99 
soft-bodied insect pests of cucurbits......-. 80 
subterranean insects: .../3+..... Benet Seagee 1 
woolly aphiS.: «..:...:'..-ckes os eee anes 20, rev 
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4844°—Cir. 100—11——-3 


Carnations, fumigation with hydrocyanic-acid gas....-..-..-------- 37, rev. 2 
Carpet beetle. (See Anthrenus scrophulariz.) 
black. (See Attagenus piceus.) 
moths. (See Moths, clothes.) _ 
Carpets, food of Anthrenus scrophulariz..........-.++-++++--+-+-+0-- 5, rev. 
ERED DEUONEM er ene cee cin ee eele = stele cele ene = a5 == 36, rev. 
LENO NOTE UGH N hos 6 conn enseroecoescaneeeesccs 36, TeV. 
reported injury by Lepisma saccharina........------------- , 49 
Carpocapsa pomonella, host of Mermis albicans.....-.-.------------- 62, rev. 
Carrion, breeding place of Musca domestica .......------------------ val ‘= 
Catalpa bignonioides, food plant of Ceratomia catalpx........-------- 96 
eastern. (See Catalpa bignonioides.) 
hardy or western. (See Catalpa speciosa.) 
speciosa, food plant of Ceratomia catalpx...-.....-.---------- 96 
sphinx. (See Ceratomia catalpx.) 
Catbird, enemy of Ceratomia catalp&........----+-+++-+-------------- 96 
PEASSIAO DIMAUSE sco nia) Sa  win nw ole = cies am eS 84 
Caterpillar lime. (See Raupenleim and Dendrolene.) 
Cat, host of Pulex serraticeps.....---...---- eee OR pentane gmt wee 13 
Catolaccus anthonomi, parasite of Anthonomus signatus.....--------- 21, rev. 
incertus, parasite of Anthonomus signatus......---------- 21, rev. 
Cattle, host of Hypoderma bovis and Hypoderma lineata......-.--.--- 25 
CAUDELL, ANDREW N., CURRIE, ROLLA P., and, circular, ‘‘ An In- 
dex to Circulars 1 to 100 of the Bureau of Entomology”’......--.--- 100 
Cauliflower, food plant of Diabrotica 12-punctata...--..--.----------- 59 
PCG OTC ONCSSIOLER = aa ae te seem ee 2 fats 63, ed. 2 
(PONG ONE cel oa. 2.2204 ot eels bt 60 
Caustic potash and soap against round-headed apple-tree borer... .. 32, rev. 3 
Ceanothus, food plant of Diabrotica 12-punctata...........---------- 59 
Cecidomyia destructor (see also Mayetiola destructor). 
GHCUI EY Aes ee en en eas Bena senate 12, rev 
= IY TAIN APU GK ios 55 denon neneancocpoor 7 
TEMEGICS aoe He 1 ane a A eae eee iee igs ars 12, rev 
leguminicola. (See Clover-flower midge.) 
Pepa AcaInst ClOLnes MONS... 0 ...2.-o eeees sock oe eeeerdciex Fake ess 36, rev. 
Celatoria diabrotice, parasite of Diabrotica 12-punctata.......-------- 59 
VV Mapas BIS Fe SEE 31, rev. 2 
Cenocelius populator, parasite of Saperda candida.....- Ee ao 32, rev. 3 
Centipede, house (Scutigera forceps), circular.....-..---------------- as 
enemy of house fly...--...---.- 71, rev. 
TOMMECIESS Oso a ctysietet cre ertayceoepatet 48 
BeraLOnig CAMMY, CIECUIAN «5, 2:016: 5 ice <2 Si) els aoe nes Be nsheae 96 
/ THETIC GES yee tee See sae ee a aye te SIR ot RAS ches 96 
meas Progucts, 100d Of CoackTroaCchess -jaesese 2 Gees at - Setse weeks 51, rev. 
Marcsa DU Oalus. Seneral ACCOUMPS S55 20. <2 2secn--cee eet eeee eee tees 23 
ROMMOCICS Fo ,.05 52 osc Si SNS Mae es Mage oe o epaieoprey 23 
Cercis canadensis, food plant of Anthonomus signatus ....-..-------- 21, rev 
chinensis, food plant of Chrysobothris femorata........--.------ 32; TeV. 3 
GE POUIEE—CCTCIS CHINENSISe. He. 8” > je nse hewn ee See ot 32, rev. 3 
SPURIL OMNI ORG Seer mins Sats asec Ne hb Sem Seb eth eh ats s 93, rev 
Chalcidide, parasites of Chrysobothris femorata........---.---------- 32, rev. 3 
Chaleis fiy..enemy of canker-worms . . .=2.2-2-20- 222s: -222-22e2-0e: 9 
ovata, parasite of Thyridopteryx ephemerxformis......-------- 97 
Cheilosia alaskensis, cause of “black check” in western hemlock... .- 61 
KETME CIES yet ee ees eae Sr eee ones uae 61 
hoomanis, myiry to lowland finetssc. ..20f2 2). 2-2. 2-5-4 -- 61 
Chenopodium, food plant of Aphis gossypii......-..---------------- 80 
Cherry, black Tartarian, not infested by Aspidiotus perniciosus . .. .. 3 
food plant of Bryobia pratensis........-.- PUN gee See en ee 19 
OCTORMCHCLUS NENU DAU eee ea oae nas = 73 
UOT OLICUM C= PUNCIUL Nana sce 2 = eo se aoe = ae 59 
OUTED SS AAO oe SECO OEIC EASE EP EE 31, rev. 2 
EMOCBMBOUES ITMOCING. .. 2.2.2. = 2=--25420 238 26 
Eulecanium nigrofasciatum.......---.--------- 88 
Macrodactylus subspinosus.......-.----------- 11, rev. 
MLTR EON ELIVIOS Dae e erent ciel 5 wo maine 5 Sonic aie a 
SLOUPUSMUGUIOSUS. o-oo cance ve Swann eecn ne snes 29, rev. 
ground. (See Physalis.) 
probable food plant of Chrysobothris femorata.......--.-..-- 32, rev. 3 
wild, food plant of Malacosoma americana.....-.----------- 98 
Chess, soft. (See Bromus hordeazeus.) 
Chestnut borer, two-lined. (See Agrilus bilineatus.) 
food plant of Balaninus proboscideus.........---.--------- 99 
RCH Rains Hae aS ce tee Seen eS eee ae 99 
; Cliysovotnnis femonrail.5. = 2222252252 5-502 ono 32, rev. 3 
weevil, larger. (See Balaninus proboscideus.) 
lesser. (See Balaninus rectus.) 
weewls, Cenmeralinceount.....-...---.ceccaeeaees = tee 99 
ROMOGMIGSi cc see AS. Soe See. SER. ot 99 
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Chickadee, enemy of Malacosoma americana.........-.-.-.--------- 
Chicken (see also Poultry and Fowls.) 
enemy of Balaninus Carpe. eee ae eee eee ee 
Conotrachelus menwphar = sacccer a eeemecee ee 
mite. (See Dermanyssus gallinz.) 
tick. (See Argas miniatus.) 
Chickens, Rarer enemies of grasshoppers... 2. ..-226520tcecceees 
Chickweed, food plant of Aphis gossypti........-..---.------+------ 
“Chiggers ,”? circular . 2... cathe ee 2 =~ an oho todo da ee 
colloquial name for harvest mites.........---.-......-- 
eradication: in gue Meld [oe ac ee cosas sbwiee pecs ree eee 
Chigoe. (See Sarcopsylla penetrans.) ¥ 
Chilocorus bivulnerus, enemy of Aphis gossypii.........-.-+--------- 
Leptinotarsa decemlineata........-.- 
Pulvinaria innumerabilis........-..-- 


“The Cabbage Hair-worm”..........- 
“‘The Colorado Potato Beetle (Lepti- 
notarsa decemlineata L.)”’......----- 
“The Common Squash Bug (Anasa 
tristis De SG) ) 2 \ soe sade eee 


“The Destructive Green Pea Louse 
( Nectarophora destructor Johns.)’’.... 
“The Fruit-tree Bark-beetle (Scolytus 
TUGUIOSUSIIVALZ.). acces oe ae eee 
““The Imported Cabbage Worm ( Pon- 
tia rape duinn:)? 2 cee eee eee 
“The Larger Apple-tree Borers” ...... 
“The Melon Aphis (Aphis gossypii | 
GlOVv22t Aas See ee eee eee 


ees Pea Aphis ( Macrosiphum pisi 
Bt.) 7 EEE SR ee eee ee ee 
“The Rose-chafer ( Macrodactylus sub- 
SPINOSUS*E ADA) 2 Bec ec eek eee eee 
“The Squash-vine Borer ( Melittia 
Satyrinifjormis ELbN:) 7) - >. 2esee-e ese | 
“The Strawberry Weevil (Anthono- | 
MUS SignatusiSay,)) snore ese eee ae 
“The Striped Cucumber Beetle (Dia- 
brotica vitiata Fab:)”?=2-----2-.2---2- 
“The Two-lined Chestnut Borer 


(Agrilus bilineatus Weber)”’....-.....- 
HOWARD, L. O., and, circular, “The Bagworm 
( Thyridopteryx 
ephemerexfor- 
mis Haw.)’’... 
“The Catalpa 
Sphinx (Cera- 


Chloridea virescens, Paris green asremedy.............-.e0.----0----- 
Caloridoflime‘acainst house flies:;-=3 44-4 eee eee 


FOMECICS... 5 < <,1.j85 S35 oeo eae eee ue eee 

Chrysopa albicornis, enemy of A phis gossypii........ 2S) SSS 
attenuata, enemy of A phis gossypii..........--------------- 

larvee, enemies of Tetranychus gloveri.............--------- 
lineaticornis. enemy of A phis gossypii..........--.---------- 
nigricornis, enemy of A phis gossypli........-- once EE 

octilata, enemy of aphidess 2. 5.s eee aos ss Sasdaseaae 

RES YOSCU DU cos aoe didoin oe Aang ae 

UCTOSEDRUM PISt Ee, .< 3's Ao Dee eee nee 

PEYTE DYULTOUS © cos o.8 os orcas eee 

plorabunda, enemy of — GOSSY PU Ss eae te ae 
Cicada, periodical ( Tibicen septendecim),a new nomenclature for 


broods, circular.........- 
in 1897, circular............ 
1898, circular... <2... 0% 


43 
29, rev. 


60 
32, rev. 3 


80 
99 


43, ed. 2 
ewe 
38, rev. 2 
21, rev. 
31, rev. 2 


24, rev. 
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Cicada, periodical (Tibicen septendectm) in 1902, circular...........- 
SOG Reineulanen. se soe 
1907; e1reulare.- ss <2 


XIV, 1906... 
XV (Riley), 
1880-1897- 


1884-1897- 
TOO Ree eeers 
VII (Riley), 
| 1885-1898... 
DVB UU [a eae 
XaleNe OUT eee 
septendecim. (See Cicada, periodical.) 


| Cichorium intybus, fumigation with hydrocyanic-acid gas............ 


imez lectuiarius. (See Bedbug.) 
' Cinquefoil, yellow-flowered. (See Potentilla canadensis.) 
Circulars of the Bureau of Entomology, index to Nos. 1to1l00......... 
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Circular 
No. 
Diatrzxa saccharalis [larger corn stalk-borer], general account. ........ 16 
FemMediesai.S seas ae 16 
[sugar-cane borer], distribution.................. 16 
pe sce boucheanus, secondary parasite of Thyridopteryx ephemerz- 

OUINES oid ithe orate ois/ars sie blctere(aiRicleinid oie pare is AAD eS a a a ee 97 
Dieffenbachia jenmani, fumigation with hydrocyanic-acid gas......... 37, rev.2 
Diglochis omnivorus, parasite of Malacosoma americana...........--- 98 
Diodia, food: plant of -A phis@ossy pit. 2.5 asee ok asx 055 2's 2 9s fades oe 80 
Diplodus luridus, enemy of Malacosoma americana..............---. 98 
Diplosis. (See Contarinia.) 

tritici. (See Contarinia tritici.) 
Disease, bacterial wilt, of curcubits, cotton, and cowpeas. (See 
Bacillus tracheiphilus and Neocosmospora vasinfecta.) 
funpeus;: Of STASSHOPPBIS. conc ceo cs soos e de I 84 
leaf-spot, of catalpa. (See Phyllosticta catalpz.) 
OL<MelaCcosoma GHLERICWNM. - 1255 355 3 ee eee 
Diseases, human, carriage by Musca domestica.............-..------ 71, rev. 
of; broodof: bees, cinculan . /c22 2-5-3 1s eae ee eee 79 
POWMICMIES 20 sna ee eee 79 
chickens attributed to presence of mites and lice........ 92 
induced by lice 5.33525 nse eee 92 
plants, fungous, carriage by Diabrotica longicornis and 
striped’ cucumber beetle... ....) see eee 59 
transmission by A nasa tristis.........-..---....- 39, rev. 2 
Diabroticavitiatass: 2: 2355. 2 31, rev. 2 
Dissosteira carolina, host of Mermis albicans..................------- 69, rev. 
Distichlis spicata, food plant of Toxoptera graminum............-.--- 93, rev. 
Ditropinotus aureoviridis, parasite of Isosoma tritici...............--- 66, rev. 
Dock. (See Rumex.) 
Documents, destruction by’ Termes flavipes.-......--..2:.-----+--.: 50, rev. 
Dog host OfeRurver Scr Quegps.< cee ease een ot oe a ne eee 13 
Dogwood. (See Cornus.) 
Dorsett, P. H., and Woops, ALBERT F., circular, ‘The Use of 

Hydrocyanic Acid Gas for Fumigating Greenhouses and Cold 

PATIOS? 7 5 Sac5 3 2:08) ora s0:=05y ce eee ae cee ater SIe orc oh ee ee 37, rev. 
Doryphora 10-lineata= Leptinotarsa decemlineata...........---------- 87 
“‘Drill worm,” colloquial name for Diabrotica 12-punctata.......... 59 
Drosophila ampelophila in houses..-..........---- saris Wa Sah 7A, Tey. 
Drought. (See Temperature and Weather.) 

Drugs, not recommended against American and European foul 

LOOP eas s Es ww ns ce eee bade oes Ooo eee ERLE: Chee eee 79 
Dryingagainst-ehestnut weevils....... =. o2--e-eeee eee eeees eee eee eee 99 
Duck, enemy of Leptinotarsa decemlineata........-......-.---.-.-.-- 87 
Dust against: pear slug. .J.24- 6.2.0 <2 beer be ecieee eR eee eRe ee 26 

striped cucumber beetle........ CU n oe 2 ao 31, rev. 2 
and sulphur against cotton red spider............------.....-- 65 

DyYAR, HARRISON G., circular, ‘‘Key to the Known Larve of the 
Mosquitoesof the Wnited’States?7-222- ae eee eee eee 72 

E. 
Earthworms mistaken for Mermis albicans.........-......--------+- 62, rev. 
Echinocystis lobata, food plant of Diabrotica vittata...........-....... 31, rev. 2 
Melittia satyriniformis ........----- 38, rev. 2 
Ectobia germanica. (See Blattella germanica.) 

Eggplant, food plant of Aleyrodes vaporariarum........------------- 57 
Leptinotarsa decemlineata...........-..---.- 87 
Eichhornia speciosa, fumigation with hydrocyanic-acid gas.......... 37, rev. 2 
Eider, food plant of Thyridopteryz ephemerxformis.....--.---.------ 97 
Elm, food plant of Bryobia pratensis........0---------220--2--cteeee 19, ed. 2 
GOLETUCEH A TULCOUE Hararejs.c)taisiarsie} 21.1) afer eee 8, rev. 
Malacosomae QM eniCORG).acessa22s- see eee 98 
Pulvinaria innumerabilis ........:---2--s0---eee- 64 
SColytusimugulosuSencapsecse. see ae ee eee 29, rev. 
Thyridopteryx ephemerxformis.........--.-.-----+- 97 
leaf-beetle,: circular. ao toate ic ee oe eee ee ee oe ee 8, rev. 
remedieg: bus nates oe eee aoe ee { : Bin 
possible food plant of Chrysobothris femorata..........-...----- 32, rev. 3 
Elymus, food plant of Mayetiola destructor or related species........ 70 
striatus, food plant of Toxoptera graminum..........------- 93, rev. 
Empusa aphidis, fungous disease of Macrosiphum pisi .............- 43, ed. 2 
muscex, fungous disease of Musca domestica........-.---.--- 71; aan 
Encyrtus sp., parasite of Hriocampoides limacina..........-.-.-.---- 26 
Entedon epigonus, parasite of ( Cecidomyia) Mayetiola destructor...... { 12, sts 
Hyania appendigastet 2.2.2 eases nee 51, rev 

Entomology, publications of Bureau, list, rev. to Feb. 1, 1910, cir- 

MUAT Geshe ecco Sava ea te ce eters aiote.o ciara xan eanet el Sao or dn aC eee aera 76 
Epicauta vittatd, an ‘‘old-fashioned potato bug’’...................-- 87 
Epilampra notabilis, predaceous upon herbivorous larvee...........- 51, rev. 
fragrostis, possible food plant of Toropiera graminum......-..------ 85 
ETIOCUM POMS HMOCUNG, CITCUIAN =e case erence eae ee see eee eee eee 26 


TONICHIOS Re eerste ae Cee eee 26 
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Circular 
No. 
Eulecanium nigrofasciatum, circular... ....-.+----+.-+--2220002+++-6- 88 
FOMECICS Fao fu f SA Seis ete Nt 88 
persice, confounded with Eulecanium nigrofasciatum ... 88 
OR OTATG HELA dS eee et See as Ce ere Deere Se 88 
Eunotus lividus, parasite of Pulvinaria innumerabilis.......--------- 64 
Eupelmus allynii, parasite of Isesoma tritici.....-...--..------------ 66, rev. 
UMC ciiOla Cestiiwetonanr mere tees eel 70 
REAUUIPALASILe OWA NASA TNIStIS!. < Bee ee sete see ee eae 39, rev. 2 
spp., parasites of Scolytus rugulosus.......--------------- 29, rev 
Eupeodes volucris, enemy of Aphis gossypii.-..-.-..-.--------------- 
Euphorocera claripennis, parasite of Ceratomia catalpx#........----.-- 96 
Euproctis chrysorrhea, character, conditions in New England, July, bs 
” OQ A ey cid oh SURED BOR oe eee TREE INES. yh 
control by collecting and burning winter 
WAS OST Sis RA Ca oe a AR aE 2s ae ap gE 58 
Eurytoma bicolor, parasite of Scolytus rugulosus.......-.------------ 29, rev. 
crassineum, parasite of Scolytus rugulosus......---------- 29, rev. 
Euschistus variolarius, enemy of Leptinotarsa decemlineata....-.----- 87 
Eutelus flavipes, parasite of Cheilosia alaskensis............---------- 61 
THUVIT DD SRIVECOMLCNCE BEIT CULAT EO mart 5 sp oteaiyai sie aoa See erealnarsiet rae ene CIOS 68 
MENTE COS eet fia Mayet eget owt al nc pesy Sela Varo renee teyeeee 68 
TCH EHO MWNEa tibOripst ee 428s ean ae ce eee a ee 68 
Evania appendigaster, host of Hntedon hagenowi....-.--22-.-----+-0- 51, rev 
ALAsibeOlCOCKTOACHES 25 asm janacaae ane ose 51, rev 
Excrement (see also Manure). 
human, breeding place of Musca domestica.......-..---- 71,rev. 
Exochomus contristatus, enemy of Aphis gossypii..........----------- 80 
Pzorista oulgatis, parasite of Ponta 1rape.222 26-2 220k et ste cee cs one 60 
F. 
, 14 
; 18 
Fall destruction of cotton stalks against boll weevil............-..-- ay 
56 
95,rev. 
treatment against American and European foul brood.........- 79 
Weathers, apod Of A HAgeNIUS DICEUS io ee Scie ue Sdn kin set we aero ae 36, rev. 
AU COUNOIS CLLICLL G3 20g ae pee Peta Ae of UN HE BS 36, rev. 
DICLUGOTUCUL Rye mere rie eect is Le yeu OR Eso 36, rev. 
Felting, food of Trichophaga tapetzella..............---..------------ 36, rev. 
Ferns, fumigation with hydrocyanic-acid gas............--...--...- 37,Tev.2 
Fertilizers (see also Manure). 
BLAINSEesSIANM Yi secre ae hlecicietsies onio.ce abc SINE Sa 12 
OU ayy OTM etoile eis ceert cic see elee sc ca ee 66, rev. 
commercial, against corn root-aphis...................-.- 86 
mineral, against seed-corn maggot...................----- 63, ed. 2 
organic, inducing root-maggot infestation...............- 63, ed. 2 
Ficus elastica, fumigation with hydrocyanic-acid gas...............- 37,Tev. 2 
Fir, Alpine, host tree of bark maggot (probably Cheilosia sp.)......- 61 
bark maggot, lowland. (See Cheilosia hoodianus.) 
grand. (See Fir, lowland.) 
lowland, host tree of Cheilosia hoodianus.........---....-------- 61 
Hylesinus n. sp., and Hylesinus granu- 
WOLLUS RR ye merlot cicienrate haere as oe teeteaeeers 61 
white. (See Fir, lowland.) 
Fire. (See Burning.) 
“ Vire-brat,’’ colloquial name forLepisma domestica.........---.----- 49 
Fireplaces, infestation by Lepisma domestica ..........------------- 49 
Fish bait, larvee of Ceratomia catalpe used therefor ...............-.- 96 
aniedsfoodioli cockroaches s Ser. 2) jis. swce se oss ee ees oe oS biemes 51,rev. 
oil against two-lined chestnut borer.........:.....---.--------- 24, rev. 
soap. (See Soap, fish-oil, and Soap, whale-oil.) 
Flea, cat and dog. (See Pulex serraticeps.) - 
human. (See Puler irritans.) 
SE EAS SOCTIET A CCCOUNM Gee Ats ep setnce anil ok vate e alas ol oa Saree arcs ele eee es 13 
hydrocyanic-acid gas asiremedy..—5-----+----+.-s--ee--se5e5- 46, rev. 
TOTH COLCS Merete tete ae ae yey Ree Ga ee aya IE NS Seal d aiaidele Dee Sto ale 13 
Flies feeding on honeydew from aphides...........-.-.....---.-.--- 80 
house yasicarniers) OfMiseasessyesesee a: sas ee once ee eee os { 71,r nee 
CAV TN 2 Tp) asm Bel SSP omen re rears Sanne PENNE jt a Sk Ue { 71,r 12 
hydrocyanic-acid gas as remedy..................-..-.. min 
: 5 
Temedies...-.-.- 2-2-2222 2eee reece eee ee eee cee ee eee { 71, rev. 
Species Occurring In NOUSES Ss - 2,2 202250 --ceckegctsteds been cues { mires 
, 
Flooding against eggs and young of grasshoppers.............---.-.- 
HMioors, destruction, by, white.ants.. 08 cso 5d2csce ce: scsciexicee sec yeicd 50, rev. 
Florida, requirements relative to shipment of nursery stock........- 75,Tev. 2 
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Prewee Page Figure 
Flour and sulphur against cotton red spider.....................--.- 65 Ag) se sernowan ee 
Fly, bluebottle. (See Calliphora erythrocephala and Lucilia cxsar.) 
cluster. (See Pollenia rudis.) 
fruit. (See Drosophila ampelophila.) 
green-bottle. (See Lucilia cxsar.) 
Hessian. (See Cecidomyia destructor and Mayetiola destructor.) 
house. (See Musca domestica.) 
meat. (See Calliphora erythrocephala.) 
paper; SUCK, aballst NOUKEILY .- oi ee ee eos ae { 7. nes : SR RBS 
small bluebottle. (See Phormia terrenove.) ‘ 
house. (See Homalomyia canicularis.) 
stable. (See Cyrtoneura stabulans, Muscina stabulans, and 
Stomozys calcitrans.) 
typhoid. (See Musca domestica.) 
window. (See Scenopinus fenestralis.) 
Food, infestation by: cockroaeheee ce to cece icc ncus> os SHAS OROE ORY 51,rev. AVGNTS 66522284 
hougeyauts. .22 0552-222 es (See seeps ee 34, rev. Ips eee 
Te piSIMGASCCCHOTHNG a e- pepe eee eeee eae eee 9 al eee es ac 
Horage plants#food of Bryobia pratensis... o2- = ee eae eee bel eeee 19,ed.2 TNIShe eee 
Forestalling outbreaks of grasshoppers.........-.....-..-.---------- 84 LO SSE 
Forest trees, food plants of Macrodactylus subspinosus.:........----- 11,rev. As] 0. he Eee ee eee 
injury by periodicalicicadas:. - ese nee eee 30 Peles sy FEE 
Formalin against powder-post beetless-- 22a eo Sees 55 Alle beeen roa 
Formica fusca, enemy of Anthonomus signatus..............--------- 21,rev. APR SIRS 
Foulibrood, American, catlseyeireular vss 5-254. eee ee 94 TA 2 et ee 
GESERIPULON Shae a ee aan ne 79 PAD Kis NOUR 
not the foul brood of Cheshire and Cheyne.... 94 TRAD, Sees 
TreatmMenti ee: See eee eee AS: he een 79 SHA; lene tenes 
Muropean description. ceeccsasiesise ee tale see eee 79 D5 ae ee eee 
GRealmienb. sek eee Nee ies Bue oe ee ee ee 79 BH4 | Sa dast wees 
of Cheshire and Cheyne, not American foul brood...... 94 Tas ee 
Fowls (see also Poultry and Chicken). 
diseasesinduced by Wicess. =o .s8se sk seo. he ee ee ee ee 92 tere eer, 
enemies or bollsweevali 2222. use eee aches Senos en een oer ees 27 Ee (oa AEG ee 
STASIS OD WELS wpa oy Sees oe cA Re ae Ls ee 84 AN ee ee ene a 
LC DUMOLOTSGRGECETN UMCOLMat eas ep en oeeee 87 192) Ne een se ae ees 
Foxtail, marsh. (See Alopecurus geniculatus.) 
yellow. (See Jxophorus glaucus.) 
France, laws relative to importation of American plants, trees, and 
TULtS as ASE PE se oes cela k Hee te ES CRORE REM KR EERE een Ome nne 41 Pi Ree a ae 
*‘Franzosen,”’ colloquial name for Blattella germanica.............-- 51,rev. Dp ieaeics see eS 
Prog, vires, Enemy, Of COckmOaGNe sees. «bc cece een cee ciemceR RR eMBeMe 51,rev. APIO EAE ces eee B 
Frontina frenchii, parasite of Ceratomia catalpz........:.-..-..--..-- 96 Bas §59 
Moalacosome amernicand.....<<<<2-2e ene 98 GUIS ose eS Bas 
Frost. (See Temperature and Weather.) 
Fruit flies, quarantine regulations of New England against intro- 
ALCTION SESE sn pa Se Mee atic. 5 orb.w tte Do bred craic mice eer ree 41 AEE isa = sc nitions 
fly. (See Drosophila ampelophila.) 
trees, food plants of Bryobia pratensis.........-.----------.--- 19,ed.2 ee ee oe cen ae ac Ey 
injury by buffalo tree-hopper... <-2 esses se- 2 see 23 1238) s0i os ess 
protection against periodical cicada...........-.........- 22 ATL EB 2 
22 ft teehee eae 
‘ 30 It HSA FB 
young, injury by periodical cicada.-.............-......- 44]. IOS. eee 
; \ 74 By Se See 
; 89 Bi Pe 
rtits, food of cockroach G3 oo Seeiece = fe ae eee ee eae eee 51, rev. SME we sen eres 
garden, food plants of Macrodactylus subspinosus.....--..--- l1,rev. OR | 3 tae eee 
injury by Leptocoris'trivitiatus J 0cccsccccceec sees set 28 Lhe in beet ese Sei 
Fuchsia, food plant of Aleyrodes vaporariorum......---------------- 57 St er che sere teens 
fumigation with hydrocyanic-acid gas.......:....--+-.---- 37, rev. 2 SWiteodss see. 
Fumago salicina, fungus following work of Psylla pyricola.........-. Uh Phe eek sistega se St 
Fumigation. (See Carbon bisulphid, Hydrocyanic-acid gas, and 
under Tobacco.) : 
Fungi, food of Diabrotica longicornis...........--.-----------+--++-- 59 Cf oaeaneesin 
Fungous disease, believed to have caused disappearance of Dendroc- 
tonusfrontaas.. ... 522526 snhs ce ee esesysassecess 24, rev. 1 Aes one 
of grasshoppers. 2... 222222522205 2 oeeeee ease esas 84 5-7 6-7 
Macrostphum piste ss) 23.2282 teehee sss tse 43,ed.2 OY | ace coer 
Musca domestica. (See Empusa musce.) 
PIV GONOMUSPUNEATUS Bee eee eee eee eee 69 2) Sec sar ances 
plants, carriage by Diabrotica longicornis.....--- 59 abe. oe Sas 
striped cucumber beetle..... 59 ol dec ee ee 
POMERICO TROIS. ts Sete Rene See eee ee ee 71,rev. pA pnatey Sear a A 
Fungus, smoky. (See Fumago salicina.) 
Bur food: of yea: Mellion elas aso? <nihaier-eretelepols ~\ejetto eee ce eee ore 36, rev. Bipe cece eee 
PUTEOU DISELIZCIIG <5 cpr e enue Salsa ae ois Sor as eee eee 36, rev. Ar| ata So 
Trichopnaga ta persed sas tiseee nee oe ee ee ee ee eee 36, rev. Ul eae ae 
moths. (See Moths, clothes.) 
Furniture, destruction by Termes ates SRS SRR ci i Scie CORE 50, rev. Ya (een de apt 
plush-covered, reported injury by Lepisma saccharina... 49 pal 5, eel ohare 


protection from injury by white ants.......-...-...-...- 50, rev. Guivecee Ge seene 
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Galeruca canthomelzna. (See Elm leaf-beetle.) 
Galerucella luteola. (See Elm leaf-beetle.) 


Garbage, breeding place of Musca domestica........--.------------ v 


Panlimearainshcabbage mageoblses! Jol 22 2 Soo oe Sods chmmsise seine 
TOOT MTOM OL wOOllypapilisy. - Ss a. snes see ee cea 


impracticable against houseflies- . 5... -22<s2e2e-c----2-- 


farracainsi.peach-tree WOLel a. .o..c 2522-5. Se Soo oe neces dec ees 
treatment against San Jose scale...........- “yh gs Seer oj aS aN 
Gasolineagainst powder-post beetles... -....-..........-.--.-------- 
Geophilus spp., mistaken for Mermis albicans.........-------------- 
Georgia, requirements relative to shipment of nursery stock......-- 
Geranium, food plant of Aleyrodes vaporariorum.....--------------- 
LCT CSWILLDU DD CSis aya = aeons hie Se eee Oe 
Germany, laws relative to importation of American plants, trees, 
BEPC EEUU Renee tet etre este nie nae teins Sate wwe ediogeldecewed 
Giant whips. (See Spirochzta apis.) 
Gipsy moth. (See Porthetria dispar.) 
GIRAULT, A. A., JOHNSON, FRED, and, circular, ‘‘The Plum Curculio 
NeGonomachelusuvenuphar IlerbSt) 27a... 22.2 ones node e aeleeicites 
Sardine against trutt-tree bark-beetle. >> ..~ 2... .'- eee eee eee 
at certain times to prevent pinhole injury in cypress. .------ 
Goldenrod flowers, frequented by adults of Cyllene robiniz.......--- 
food plant of Diabrotica 12-punctata.................----- 
LONGUCOTMNIS Repo ote ee oe ees 
ULELLEOINE eee eae ea 
Goniocotes abdominalis, parasite of chickens.....................---- 
Goniodes dissimilis, parasite of chickens.....................-.------ 
“Gooseberry bugs,’’ colloquial name for chiggers.............-.---- 
food plant of Pulvinaria innumerabilis.............---- 
Gourd as trap plant against striped cucumber beetle ............--- 
OOOH PlanmOl MMC SALITINIONIMISL S22 2o2 42 esl ae ee we noe 
Grabhamia discolor, distinctive characters of larva...........-------- 
‘ jamaicensis, distinctive characters of larva 
Grain aphis, European. (See Siphocoryne avenex.) 
spring. (See Toroptera graminum.) 
moth, Angoumois. (See Sitotroga cerealella.) 
weevils, hydrocyanic-acid gas as remedy...................-- 
rains, food plants of Camnula pellucida... .2.......:--22..------- 
small, food plants of Leucania unipuncta...........-------- 
Granaries, fumigation with hydrocyanic-acid gas.............------ 
Granary beetles, hydrocyanic-acid gas as remedy 
Grape, food plant of Dactylopius adonidum.............-.-.-------- 
DUO OUCH NC -PUICTOLO aaa 5 a a eaee ae Byles e | 
Macrodactylus subspinosus 
TZULULONIONUUI DL CT OULUIS Stee 2 ees ne eee 
Phylloxera, resin washes as insecticide. ......_..........---.- 
- Grapes under glass, fumigation with hydrocyanic-acid gas 
Grass, beard. (See Polypogon monspeliensis.) 
blues foods plant of, Geucana wnipuncia:.... 2.23... 2.22--5--- 
stem, food plant of Bryobia pratensis 
couch, food plant of Toroptera graminum.........--.-------- 
foxtail, food plant of Aphis maidi-radicis.............--.----- 


sesame. (See Tripsacum dactyloides.) 
squirrel-tail. (See Hordeum jubatum.) 
BeASSCS  OOUIGIN-NCTINES JIAUUPES sented. He os 8 lS ae bes otISER 
MIAMIS OL Biyebia DNAtENS Sees = tess ase 
Connmnilagrelate? Ce ean fy ase he). se 
EC CAUERTLO MINT U NCO. ae ae eee he eae 
Macrodactylus subspinosus..........-.------- 
: Mayetiola destructor or related snecies-.-...-- 
Grasshopper, differential. (See Melanoplus differentialis.) 
{ pellucid. (See Camnula pellucida.) 
problem and alfalfa culture, circular.................- 
Rocky Mountain. (See Melanoplus spretus.) 
two-striped. (See Melanoplus bivittatus.) 
yellow-winged. (See Camnula pellucida.) 
BEMERHOP DELS POMCMUS.. 2 en 5. 2o Sods one te cs eee es cen ye ne cies Sak 


EIT PEAS ANNE OO Mt WOO Vel ata seiclae ob selrnie oso. c ciemcin woes Snceeeeeues 


= Green arsenoid”’” against plum curculio. ............ 2... seses cess send 
Green-bottle fly. (See Lucilia cesar.) 


“Green bug,” colloquial name for Toroptera graminwm....-.----.---- 


Greenhouse white fly. (See Aleyrodes vaporariorum.) 
Greenhouses and cold frames, fumigation with hydrocyanic-acid gas, 
CIRCULaT Ayes seeers tha. ee ah ie ites AB 
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Circula 
Nal Page. Figure 
Greenhouses, infestation by Diabrotica vittata..............---------- 31, rev. 2 PAN feiateie rae amen 
LP PtOCOTtS RIO AUUB oe. Sag oe hn 28 bY ees 
Er INCS UOULDES > Tosh od aici ee ee ae 50, rev. Dy atk es aicie tae 
Grosbeak, rose-breasted, enemy of Leptinotarsa decemlineata.........- 87 Bh UA ane, ie ba 


Ground beetle, fiery. (See Calosoma calidum.) 
slender seed-corn. (See Clivinaimpressifrons.) 
beetles, enemies of Leucania unipuncta.............---+---- 4 A Oboe bacteria 
ivy. (See Nepeta glechoma.) 
Groundsel. (See Senecio.) 


Grouse, ruffed, enemy of Leptinotarsa decemlineata ............-...-- 87 i DAE eras + en 
‘Grubby: carver” meaning Of Germ te ve. ice yore bean ene ee eee 25 Dh ete 
“Grub,” colloquial name for Hypoderma lineata..............-....-- 25 An NE Shas NEE 
Grubs, white, kerosene emulsion as insecticide.....................- 1 iy see pe St oh : 
Gum, injury: by Platypus composts. ooo. wae a oe ea eine tye 82 Dalenancinesceeie 
Gunpowderagaimst cockroaches 22.22 -ee eee ote eee oe eee 51, rev. 1 Fl al nn 2 
Gypsum and kerosene against squash bug..................-......- 39, rev. 2 tS carne wat es 
turpentine against squash bug. ee 39, rev. 2 Bl oe oe Mae ‘ 
Gypsy moth. (See Porthetria dispar.) 
H. 
Habrocytus thyridopterigis, hyperparasite of Thyridopteryx ephemer- 
CATT MM SAN aaNet eb ae ys Aah dhs aD 97 8 11 
probable parasite of Allocota thyridopter- 
(TR RARINS ibe ele Fo deo wate Ula pd pd Maal haben gl 2 97 (oH EA AAS eps J 
Hackberry, food plant of Pulvinaria innumerabilis ............-.... 64 Zit | Rulers wie cleores : 
Hadronotus anase, parasite of A nasa tristis..............-....-.---.-- 39, rev. 2 BS Ce oeleets a 
Flair: food On 2uneola DISCHIZEll a saa: sae ee ee eee eee eee ~ 36 Ae ok Se E 
worm, cabbage (see also Mermis albicans). 
RTOS Tre palo tek OM CRO ec ai Oe Oe ee Rae 62, rev. S| aaa oteyare ane 
DOSitively NOL POISONOUS. Le Lee ee 62. rev. O=G) ec acne neta a 
Hand destruction against house centipede................-....--..- 48 Fea a ptf 2 
method acainss plum CuULreuUllO Us Gye eee ee eee anaes 73 TOR ee yale ae J 
methods against seed-corn maggot..................--..-..--- 63, ed. 2 Da = ain < eins steele ; 
Sqiash-vatte barercs: 5222.2 eee ee 38, rev. 2 le ee ee 
picking against apple-tree tent caterpillar .................... 98 1 lee a ere a 
ALWOTMI 1 ch ens eRe eM ene ee Ne mete 97 SOF eee oh 5 ase aA 
CRUDARAIMNEGIOR. vg ek cacecs asa me mes 63, ed. 2 Rpt pea a 
Catalans pine ee ry. 2 Cle ee eee en 06 Oo) eke ae cet 5 
imported cabbage worm..-...................- 60 Oo som cate tomcioe 
periodicaleicada ts. {= 32: 25- eee ee 89 oe ee te oa 
TOSE-CHalen i.) Sek Meat kc mene he eevee Re 11, rev. ey Maple = fey ps ‘ 
SOMME: Caer eke te ee Re en ee 39, rev. 2 A eee ee 
Harpalus caliginosus, enemy of Leptinotarsa decemlineata............ 87 1 nf eae 
Harvest: mitesior ‘‘chiggers,7(ciroular +: 222.:.202.220282 522922002 Las 77 1-6 1-3, 
Femediosies..2: 223) scascsense et aes 77 OD Tesnes shee ne . 
Hawaii, requirements relative to shipment of nursery stock......... 75, rev. 2 Sua eee cee 
Haw. food plant of Conotrachelus nenuphar..........-..-..--------- 73 Ao eve bare asia 
Hawk, sparrow, enemy of grasshoppers...........-.-------2-------- 84 Ci ae 
Swainson, enemy of grasshoppers.............--..---------- 84 GN | haere penta cee 
Hawthorn, food plant of Pulvinaria innumerabilis................--- 64 Zh eee oe ec 
WCOMLUS TUGULOSUS 2 ooo ena aseeoe see eee 29, rev. PAB ees ah pe pe Ne 
Hazel, food plant of Balaninus obtusus ...........--.02------0------- 99 1 pal lee ech eget gene 


Hazelnut weevil. (See Balaninus obtusus.) 
Heat. (See Temperature and Weather.) 


Heating againstichestnutiweevils -'). so 5o2252.2$ssscesces sees seen eee 99 Pn ee eeeeters se é 
powder-post beetles 2225 Goe wok 2 telecaster 55 A Mast eeacse eee 
“Heel fly,’’ colloquial name for Hypoderma lineata.......-.........- 25 Ly ee ee ten 
Heliothis obsoleta, Paris green as remedy...........--..-.---------..-- 68 oe al aA a oe 
Heliotrope, food plant of Aleyrodes vaporariorum..........-----:---- 57 PA ek ei pee 
Hellebore against imported cabbage worm.......-----.-.--------.-- 60 $1 208): eee 
pearislugiye ws. ee ee ee Seses chew ass ae 26 fh, | Vener sense 
ineffective against rose-chafer...........-........-2--:---- 11, rev. id DR en arate 
Hemerobius gossypii, enemy of Aphis gossypii........-..-.----------- 80 G) | ks cet eeees 
Hemerocampa leucostigma. (See Tussock moth, white-marked.) 
Hemiteles mesochoridis, parasite of A panteles congregatus.......---.-- 96 GG peace: eee ; 
: Scolyti, parasite of Scolytus rugulosus .........-.-------.-.- 29, rev. Gf || Fe See 
thyridopterigis= A llocota thyridopterigis......--.------------ 97 On| eee ee 


Hemlock bark beetle. (See Hylesinus n. sp.) 
maggot. (See Cheilosia alaskensis.) 


Western, ‘“‘ Black check”’ injury, circular................- 61 1-10 1-5 
host tree of Cheilosia alaskensis...........------- 61 2-8 1,3-5 
Fiylesimis Di Spe ees se aes Mek e sae 61 23 3° 


Henbane. (See Hyoscyamus.) 

Hen louse. (See Menopon pallidum.) 
manure, ineffective against strawberry weevil. .............--- 21, rev. CoH eee ee 

Herbariums, reported infestation by Tineola biselliella............-- 36, rev. a Pipe ho eae: 

Hessian fly. (See Cecidomyia destructor and Mayetiola destructor.) 

Heteropus ventricosus. (See Pediculoides ventricosus.) 


Heydenia unica, parasite of Scolytus rugulosus...........-------+---- 29, rev. (Bess age a 
Hibiscus. (See Mallc~ and Mallows.) 
Hickory, food plant of Chrysobothris femorata..............--------- 32, rev. 3 Od ef os ee 
Hippodamia convergens, enemy of Aphis gossypii..-......----------- 80 6,7 3,a,b,¢ 
Leptinotarsa decemlineata........- 87 10 4 
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Hippodamia convergens, enemy of Macrosiphum pisi.....-....------ 
Toxoptera graminum.......-------| 
glacialis, enemy of Leptinotarsa decemlineata..........-- 
Macrosiprunepist <-- 2 = 2222s 82k 
parenthesis, enemy of Toxoptera graminum........-.--- 
13-punctata, enemy of Aphis gossypii..........---.----- 
Leptinotarsa decemlineata......-- 
WMQCTOSUD IU DIS ie eee 
Hoffmannia refulgens, fumigation with hydrocyanic-acid gas........ 
arsyenemiesiOl nut WeevilsS. o.co.c coc -c sas ccs ecce eel ele sete eee: | 
Holcopelte microgastri. (See Horismenus microgastri.) 
Homalodisca coagulata, glassy-winged sharpshooter, mistaken for 
DEL: WiGayls 22 OR oe GR EEE Ses Seis See Oe, Ae ra aoa { 
PIAINOLOM YI OT CUES MIN NOUSCS essere ce Coe eee nce ecice ee neenecce | 


COICULATTES AMMNOUSES He ensecses site end So cc ce beee ese boas { 


Homoporus chalcidiphagus, parasite of Isosoma tritici.......-..-..--- | 
ane VC eCwWirOMl COLMTOOL-aPMIS emcee Se cet eee eas winnie oe ose ee Sinn 
Hooker, W. A., circular, “‘The Tobacco Thrips and Remedies to 

Prevent ‘White Veins’? in Wrapper Tobacco ( Euthrips nicotiane 


Mep; food plantiol Aphis gossy pit . 2... sss. -s Sos see ian eet = + +t ee 
PROLOCON NUM we eee eee ee eee 

Hopkins, A. D., circular, “Pinhole Injury to Girdled Cypress in 
the South Atlantic and Gulf States’’... 

“‘Powder-Post Injury to Seasoned Wood 

IDRC OW CISI US Sey eae ee Pen ee ee 

“The Locust Borer and Methods for its 

Wontno lege ett reerctetdectr a Pence 


Horse-chestnut, food plant of Chrysobothris femorata........-..-..-- 
Horse droppings, salt, and Paris green against grasshoppers......... | 
HOS HOLM CHINGAITUSSUSHO CULO ernie ace eens nee eee 
mint. (See Monarda fistulosa.) | 
nettle, food plant of Diabrotica 12-punctata...............--..-- 
ersceadish: food plant of Ponta TaN& ... . -.-.-< a iaenn jem osene bees s| 
House centipede. (See Scutigera forceps.) 
cleaning apainst Carpet iDeelleree. 2-5 arse. = <iciccisclectiree simi operon | 
clothes moths...-..- no SHG acts HONG AERO oe 
1 CAS See Oe aie acs siciece eel ulocrraces 
fly. (See Musca domestica.) 
small. (See Homalomyia canicularis.) 
Houses, infestation by Bryobia pratensis.........-..---------------- | 
OUTEXIUCCIL CALS eee eee Beene Dee | 
SD a ROMaNS wrelllOWiee enn eee aero | 
COGKMOACITCS Aes soeat aisieve ee aie eucicg nie sciaeic vdeo | 
feSMCIne Marsares ee erste oe oc eee { 
IZ CPISIT CN SOCONMNUNO amie ee eee ee eee | 
UE COLOCOMSHUNUUULLELULS ee eee ee eee eee eee nae | 
Monomorium minutum...........-...-..---- | 
(OMHTOOMS. sodecocas 2 nos sceseore 
IS CULIICNO ONCE PS: C\EGUIA Ts a2 ee 2 eee ae | 
NERA MONUIMNALCLSDIUUIN = a ee ee S| 
CT IVCSHILQOU DCS cies ate te eo Ee 


HowakRp, L. O., circular, “An Important Enemy to Fruit Trees. 
The San Jose Seale; its Appearance in 
the Eastern United States; Measures to 
be Taken to Prevent its Spread and to 
IDYeSinON il) EN ee ee ae ae ee 

“ General Work against Insects which De- 
foliate Shade Trees in Cities and Towns’”’ 


““House Flies (Musca domestica et al.)”’... { 


“How to Distinguish the Different Mos- 
quitoes of North America”’............. 
“Hydrocyanic-acid Gas against House- 
MOLAMIMSCCIS Hh: oc occ. cis ceo 
“Mosquitoes and Fleas”................- 
“Regulations of Foreign Governments 
Regarding Importation of American 
Plants, Trees, and Fruits”’............. 
“Remedial Work against the Mexican 
Cotton-boll Weevil” -.. 2-222... s05c-25% 
“The Army Worm (Leucania wnipuncta 
NTA) 2 oe ovens os icgarecye: os ate eee DEE DIE 5 
“The Box-elder Plant-bug (Leptocoris 
LREUELILS SAV) or eos we oe ee oe 
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HOWARD, L. O., circular ‘““The Carpet Beetle or ‘Buffalo Moth’ 
(Anthrenus scrophularig L.)’’.....------ ), TeV 
“The Harlequin Cabbage Bug or Calico 
Back ( Murgantia histrionica Hahn)’’.... 10 
“The Larger Corn Stalk-borer (Diatrxa 
saccharalis Fab.)” ..:.2...5-n creer gers 16 
“The Mexican Cotton-boll Weevil (An- i 
thonomus grandis Boh.)’’.....-----+----- 18 
“The Mexican Cotton-boll Weevil in : 
R977? oe aesics ween Coie ee ee eee eee Dr 
and CHITTENDEN, F. H., circular, ‘The Bagworm 
(Thyridop- 
teryx ephemer- 
eformis 
FLAW) csceeree 97 
“The Catalpa 
Sphinx ( Cera- 
tomia catalpx 
Ba.) ease 96 
Hunter, W. D., circular, “Note on the occurrence of the North 
American fever tick on sheep’’........- 91 
“The Most Important Step in the Control 
of the Bollawieevily eee eee 95, rev. 
“The Most, lnportant Step in the Cul- 
tural System of Controlling the Boll 
AW Geil Zhe oe a cou pee eee ele ee mee 56 
“The Periodical Cicada in 1902”’........- 44 
Hydrangea, food plant of Aphis gossypii... ..-.---------- 202002005. 80 
Hydrocyanic-acid gas against bedbugs...-.......-...-.22t2-c.24.-=: 47, Tev. 
DOdk-Hessess Bes. ee a eee 46, rev. 
Carpet beetle x22. 55.0--e sre eee 5, rev. 
cockroaches: ..:32.5 5, oe eee 51, rev. 
greenhouse white fly................- 57 
household insects, cireular.........-..- 46, rev. 
mealy bugs, etee! -.-.. 2 aes 37, rev. 2 
melon aphis!2e5-0 ees eae ee 80 
plant-lice... 2.2.2. 035. eee ee 46, rev 
San Jose scale in nursery stock......- 42, ed. 5 
scaleCChionaspis'sp))s-e- eee eeeeeee 37, rev. 2 
insects on citrus trees............ 46, rev. 
pests in greenhouses and cold 
frames a2 000. Set ae Pe 37, TeV 
stored-produet insectS:- 222-22... aes 46, rev 
thrips hee fe oe ee eee eee 46, rev 
White ants... Aor ee ee 50, rev 
nif eer ORR PRI A alles ee NS 46, rev 
tailed mealy bugs. o-oo eee 37, rev. 2 
woolly aphis in nursery stock......... 
fumigation of greenhouses and cold frames....| 37, rev. 2 
nursery stock against San Jose 
Scale ee een 42, ed. 5 
Hylastinus obscuris, circemlar =. (f) 220 8 i ea See eee 67 
FEMOMIES 5.i uk Pee ee ee 67 
Hylesinus granulatus, injury to lowland fir................-..------- 61 
n. ‘sp injury todowland fires. 0s 2 eee ee eee 61 
western hemlock........... setae eee 61 
Hymenopterous parasites of house-fly larvee ..................------ 35 
Hyoscyamus, food plant of Leptinotarsa decemlineata...............- 87 
Hyperacmus tinex, parasite of Tinea pellionella.................-+--- 36, rev. 
Hyperaspis binotata, enemy of Pulvinaria innumerabilis...........--- 64 
signata, enemy of Pulvinaria innumerabilis...........-.- 64 
_ undulata, enemy of Toxoptera graminum ..............-. 93, rey 
Hyphaniria cunea. (See Webworm, fall.) 
Hypoderma bovis, adult, pupanium...2°o5 Sess eee 25 
lineata, circulars: 2.2. ee Ren pee ened te eee ke 25 
TCINC MICS eo ce oes RE OEE ee 25 
Hypopteromalus tabacum, parasite of Microplitis (A panteles) catalpx.. 96 
I. | 
Ichneumon flies, enemies of canker-worms..............-...-. ----- 9 
Idaho, requirements relative to shipment of nursery stock..........- | 75, rev. 2 
Illinois, requirements relative to shipment of nursery stock....... ..| 75, Trev. 2 
Impatiens, food plant of Diabrotica 12-punctata................-..--- 59 
Index to Circulars 1 to 100 of the Bureau of Entomology............ 100 
Indiana, requirements relative to shipment of nursery stock.........| 75, rev. 2 
Insecticide apparatus (see also Mechanical methods). is 
against boll weevilic.c ost: eee cee eee eee 
cockroaches} .532°4 2 seas eee 51, TeV. 
Colorado potato beetle................ 87 


cotton redispidersc.c- -sa-eacee eee 65 
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Inseeticide apparatus against elm leaf-beetle..............--.------- 8 
BTASSHOPVEMSoseas seins. ae se tin seis 84 

ho pyplant-louse 25-2. cee cets See 2 
MOElOMIADNISSSs cos coe seis ceo wise es ae 80 

POMaAp MSs. 2k otee eat arase ss cee 43, ed. 2 
MlUMMEUTCUNIO = <8 ose s soe eee 73 
NOOWMALTOUS S socs os sates Ss as 63, ed. 2 

NAL OSCISCAl Os. oc 52.8 ES eRe 3 
shade-treevinsects'{. 225-2 5- ga: aie 2+ 15 
LODACCOMNTIPS M9 f52 ee ees se ee 68 
yellow-winged locust.........- Beaty 53 

for fumigating greenhouse plants............. SigLOVae 

Insecticides, caution necessary in use... _..- 2.2.22... 2. eee e eee ee eee 1 

condensed information concerning some of those most 
RIUM OUGATC CING Uae as oot nese eas yap tte 1 
mMeflective against bollsweeviles: 22 s-222 525.2225 222. | { ei 

Insect lime. (See Raupenleim and Dendrolene.) 

Insects defoliating shade trees, control in cities and towns, circular. . 15 
Gricd= food Oh Man cOlMOISClEll@acn22 os. 5-2 ~~ 22-52 = se, ag 36 
subterranean, insecticides ......:.....:..---- Dee ere os te ae 1 

Wadmeasiremediy for Chigvers?? <= 9 2. os 2 oho a oss nc nace eee Be 77 

Towa, requirements relative to shipment of nursery stock........... 75, rev. 2 

Tsocratus vulgaris, parasite of Macrosiphum pisi.....--...----------- 43, ed. 2 

MRI TMERLE AUG GHUCUNAL a a8 cette cron iala's 2/2) a 2 Soya, nish lew bid Bs 66, Tev. 

ME TM COTO Bye ecto eet rater nee aise en iar es a cee ncyno ee oe hes 66, rev 

Itch mite of fowls. (See Cnemidocoptes mutans.) 

Ivy, ground. (See Nepeta glechoma.)  - | 

poison, food plant of Pulvinaria innumerabilis.............---.-- 64 | 

Izxophorus glaucus, food plant of Toxoptera graminum.....-.-.------- 93, rev. 

(Setaria), possible food plant of Toroptera graminum.....- 85 
J 

Jacaranda ovalifolia, fumigation with hydrocyanic-acid gas.......... | 37, rev. 2 

Jamestown weed. (See Datura.) | 

MUMTEME ROSOMILC OSTERUL 8 es aeons = aie cian a alee eS OS eae ee oe Goes 72 | 

Sai istinetive characters Of latvale >. 2-42 4--s6> 4. - = 72 

varipes, distinctive characters of larva...........-.... 72 

PAEMN ASAIN SU DO UNWEC VMs vestoe abo eisai piss a Ses eS Siot cused wee 18 
Colorado; potatowbestlozsse sce -22 2-650 h- sone e ee oe 87 

haze li Gwe will eee pe oso ie arse ip ete inns = 99 

OLUTION CUEC UNION eee aris Roe arse a seek es ia 2)s) =, 73 

TOSC- Chale Keer sere Se een eae ores easle sts Poa 11 

Sphinn oe Canker wns passes seo ans © sea Se ee is os 9 

generally impracticable against chestnut weevils. -........--- 99 

“Jelly,’? meaning of term as applied to beef and hides.............. 25 

faiecor? colloquial name for harvest mite... .--...5-...-----: eee 77 

Jimson weed. (See Datura.) 

JOHNSON, FRED, and GIRAULT, A. A., circular, ‘‘The Plum Cureulio 

GCOROMOCKCLUISIILETU DRO CLOSU) 2 sac n 42 cco ooo e ee be eee see 73 

Joint-worm. (See Jsosoma tritici.) 

Funeperry, food plant of Diabrotica viltata.....--..------------2----- 31, rev. 2 

SUA DEON GTA TS OLS ER eS es 32, rev. 3 
cretata..-_ ~- SSS See aaa eiccyh arocyadeeass SZC 
IS COLI UBSHT ALG LLOSUS = iets ee eS ee 29, rev 
K. 
PEI arains 5 rose-chaleree- ss Seki. seit s Sade eieclelo ee SEER E GEE it il 
SEG(L-CORNEMI ACO Ober rite Seen cre aoe. oes ssa ete 63, ed. 2 
decoction ineffective against rose-chafer...........-.....-.--- 11, rev. 

Kakerlach, Dutch name for Blaita orienialis........-...--.---.------ 51, rev. 

ese A5.trap.erop for cabbage aphis. 22-22. 20 5. 9o2. 208k el lee 80 

IMEIONUADWISRea meee las Mees TASES LI eM 80 
1000. plant Of Diabrouct 12 PUNCIAtM.- 5. hesscc2-2 55-2 - oo es a 59 
MAT OONUGINISENI ONC Wap aaeyae nike se eee 10 

_ Kansas, requirements relative to shipment of nursery stock......... 75, rev. 2 
Kentucky, requirements relative to shipment of nursery stock... -.. 75, rev. 2 
PeELONCTIC Ag AITIS DCU DUS ae atane = secites see. ciepoda- tess aolateee ek 47, rev. 
BO CISCr plait Diet ooo ee sce ee et we 28 

(Goin oelh love et) Gs Se Se eee ee = Es 5, Fev. 

clover mite. .....- RRS Sean atych nie Saks 19, ed. 2 
irUit-treewbark-heeules sen 6.2: 22s See ee 29, rev. 

STASSH OP Pelsmeter ce etree eae see et cekigg SD AO he 84 

harlequin cabbage bug..--.-...-.- EE NEE Se, oP: | 10 

P 35, 

house flies ee tee eae eck eae sea crike tle Bt Stes es Sa ee am ee Sins i\ ial rev. 

Wages 5 her iy ee a eel ae | 34, rev 

HOCUS FAD ORCI serra eee esi 5s ED PSS HS | 

MOSCTHLOES AM MOUSCS= 2.5 Fo /-d,-5 2c see codecs eee 13 

mosquito stages in pools.........-.- ene ae eee 13 

ORS THO) Cee SB Se i sO ae ee ee | 25 
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Kerosene against round-headed apple-tree borer...............-..--- 32, rev. 3 he pea gees. 
slender seed-corn ground-beetle.....-...........-- Ll ee te 
San Jose'seale.. : peor sic de ae eee 42, ed. 5 4-5 =: tS ee 
strawberry Weevil.-cesaas. 3. oS eee ee 21, rev. (Ween aes 
striped eueamiber beetle: ..:... 2.6 ees 31, rev. 2 Fpl ere RS 
two-linéd chestnut borer w=. 2.542252 32s 24, rev. oN. 5. aa eee 
White DHDSES foo. ne pte eb eimtowet-t ee 50, rev. eee et 
and carbolic acid against common hen louse.......-....-.- 92 hs eee eee 
py Deum against squash’ bigs... 25425: een ee 39, rev. 2 ig Eee: 
and plaster against squash bug...............-..-.-- 39, rev. 2 Bl tee eee 
naphthaline against common hen louse.............-. a a ee 
plaster ineffective against strawberry weevil.........- 21, rev Tleten cee ee 
sand against corn root-aphis.............-.......--.-. 86 2 eee eee 
seed-corh Hiaig#ot/s J7..2 2 a ae 63, ed. 2 2 oe aaa 
compounds ineffective against rose-chaler..............-.-- 11, rev. el ean ey 
emtilsion against appleaphides......*.-. 2. 2522.) sb 81 ee eee es 
box-elder plant-bug:. - 5s /2525-2ke cee nce 28 ial ES hee 
butialojree-hoppers. = 25. 3-2 eee 23 4) 2s 
chicken mitefis. 23366 fa: ee ee ee 92 Stee: See 
CLOVET MLC ars 9- sper) ero ee 19, ed. 2 7A ea mee 
cotton red spiderca-cere ee aes eee 65 Drie. <a 
cottony maple scale. ........ 2222. -.25+2: 64 DoOnee see eee 
élin Yeaf-beetle 2.0522 25.5 ee ae 8, rev. ih bak ee ett 
CRETBON (DOE? pais tertager as o's. a a ee 93, rev. 75 PORES Saas ae 
harlequin cabbage bug...........-.-.-.. 10 2) 203 See 
hop plant-louses: 22 ease ee eee 2 a aes Se - 
imported cabbage worm....:..-2.-...—: co (Sc Se 
locust bokenas23:4e552 sa eee eee 83 yn bene ers see 
melon aphis.2.:..2\6- 2 ee ee eee 80 (3S ae 
pPeaeaphise s22= cst eee eee 43, ed. 2 (ip SARs. 
pear-tree Psyllat2ih22. 239s eee 7 Te es 
TOSCCNAOR Eo ook. oe eee a eee eee 11, rev. ct eel ser 
San Jose scale. 2.052. a aAbease ao eee 3 GC oane: See 
SQUASH PUPS! Sohn. Sec eee eee 80 G2: ee eee 
subterranean! imsects 2-2 -- 22 sae. one 1 Hil Geeta. - 
terrapin scale@nca2 saino 2-5 o! oer eee 88 ee oe 
LObaccorthmipss eeeeee ene ee 68 ta ae ky eR sre 
two-lined chestnut borer............:... 24, rev. Seb ated pe tiem S. 
WOOL APHIS ss Bee A es 2 ve ee ene eee 20, rev 7 iy hl Bec. - 
and Bordeaux mixture against pear-tree Psylla. . 7 oi pay adi Seae 
as iInseericide .'s dente foot, eb t on oak ee 1 A eee Se 
ineffective against periodical cicada............- 89 Ay eee 
only partially successful against strawberry t 
WCW ociird se eee ace Se 21, rev ys WD ee 
useless against chestnut weevils................- 99 | ete weet 
Key to known larve of the mosquitoes of the United States, circular. 72 1-6 1 
Kiln-drying against chestnut weevils.....:.........-..---.-.-.-22-- 99 ee 
L. 
Wabelsieatenibyelepisime SAcchOnitCeiae eee ene eee ee 49 1 ep des Ienentede rm = - 
Labena apicalis, parasite of Chrysobothris femorata...............---- 32, rev. 3 11 P| ites 
grallator, parasite of Chrysobothris femorata..............-.-- 32, rev. 3 | eee 
Lace-wing flies, enemies of Schizoneura lanigera...............-.---- 20, rev 6, |...25... =e 
fly, golden-eyed. (See Chrysopa oculata.) 
Lady-beetles, enemies of spring grain-aphis (Toxoptera graminum) . . 93, rev Soe an 
Ladybird, twice-stabbed. (See Chilocorus bivulnerus.) 
two-spotted. (See Adalia bipwnctata.) 
Letilia coccidivora, enemy of Pulvinaria innumerabilis............--- 64 Bill fe co. ee 
Lambsquarters. (See Chenopodium.) ; \ 
Land plaster and kerosene against squash bug....:....--... sacle ean 39, rev. 2 Bee er ee 
Lantana, food plant of Aleyrodes vaporariorum.......-..-.---------- 57 / 2h) 2c eee 
Lasius niger var. americanus, attendant on Aphis maidi-radicis...... 86 (O68 dost wee 
Lavender flowers frequented by butterflies of Pontia rapx.........- 60 . hee eee 
Laws (see also Legislation). 
againstihouse ilies eae)... : 2. 22a Seer Seer cess eee ee 71, rev 9-10 ||... <5 
relative to importation of American plants, trees, and fruits 
into athereoumtries.... - . eeesesetse: 2s eae | 41 ee 
shipment of nursery. stock, circular........-....--- 75, rev. 2 J=0u)6 2 ae 
Leaf beetle, elm. (See Elm leaf-beetle.) 
rollers of strawberry, arsenicals as remedy............--------- 21, rev. el SRE 
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against boll. weavils..4 25. 0b 2. eee eee eee 14 7-8 8 | 
Lemon oil and wood alcohol against corn root-aphis.........-..---- 86 43 |... senso ) 
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general account. ---.-. 2. -o" 63,ed.2 O-0 gem seaeeeees 
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table of North American species, adults................ 40 
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BEIT OTLOCONION UN CIALS tare a a) ese ye aS a)alntas aie area Scie cd a ana ca the 72 
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host of Menmisialbicansezs2. 32.2 25).2 ease. 62, rev. 
SCULLY ot PP ee Flor ancavancisieiase Siators hese Soe sis ere ee 84 
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Melittia ceto. (See Melittia satyriniformis.) 
cucurbitz. (See Melittia satyriniformis.) 
SOUR ORNUIS NCILCU Aiea et ee ae neo se a ccc SS ec: 38, rev. 2 
MOMIC MICS meen Ne eciais oes oe rsa. cic. ha SEE 38, rev. 2 
Melon aphis. (See Aphis gossypii.) 
E bug, colloquial name for Diabrotica vittata..................-- Sete Vez 
: louse, colloquial name for A phis gossypii. .......--...-.------ 80 
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food plants of Aleyrodes vaporariorum.......-....----------- 57 
ADIISIVOSSYPU ee eeee ance See 80 
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Mercurial ointment against ox warble............-..........-------- 25 
Merisus destructor, parasite of Mayetiola destructor..............-.-.-- 70 
Mermis acuminata, probable adult of Mermis albicans.............-- 62, rev. 
albiquns: Girculat: es) 622 toa ae ne a ee 62, rev. 
Spp., mistaken for Mermis albicamss... 222222 200-4-a2-2-)20- 62, rev. 
Mesochorus aprilinus, parasite of A panteles congregatus.............- 96 
Mice, hydrocyanic-acid gas asremedy....... 2.22. 20.2-.-----4s2-.--- 46, rev. 
Michigan, requirements relative to shipment of nursery stock...... 75, rev. 2 
Micrococcus pieridis, bacterial disease of Pontia rap#.........-.....- 60 
Micromus posticus, enemy of Aphis gossypti................-.------- 80 
Microplitis catalpx, parasite of Ceratomia catalpx.................-.. 96 
Mignonette, food plant of Pontia rapz:~..-.......-2--..------------ 60 
Migrations of Pontia rap .0: 3) os... 3? Se ee 60 
Migratory instinct among cockroaches..................-.-------.-- 51, rev. 
in Cimer lechilarius7 eee. Wee, eer eee 47, rev. 


Milfoil. (See Achillea millefolium.) 
Milkweed. (See Asclepias.) 
Millet. (See Panicum miliaceum and Bromus unioloides.) 


Milyas cinctus, enemy of Leptinotarsa decemlineata........... Bae 87 
MUIINICTIV AIRS S97 70010 CLILLOS OS peer re ee ree eee ne ee re oe 
Minnesota, requirements relative to shipment of nursery stock...... 75, rev. 2 
Mint, horse. (See Monarda fistulosa.) 

Miseible-oilsagainst-San-Jose scale. ¢ 2 52.2) jeg: 12 ee Fae cie see eos 42,ed.5 
Mississippi, requirements relative to shipment of nursery stock. .... 75, rev. 2 
Missouri, requirements relative to shipment of nursery stock........ 75, Tey. 2 


Mite, chicken.’ (See Dermanyssus gallinz.) 
clover. (See Bryobia pratensis.) 
depluming. (See Cnemidocoptes gailinz.) 
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grasshopper. (See Trombidium locustarum.) 
six-spotied, on orangesse:. 20.2 Se eG ekiea.). eeniaels ao toceeee 19, ed. 2 

Mitesiand liceton poultry; circulars: 235 eee. eee eee eee eee 92 

enemies.of canker=wWormS. 22222252525 < Jo. < 01 2.0 ov SEE ES 9 
on poultnyzta sure-preventive. 22 See eee ence. ieee eee 92 

Mochlostyrax erraticus, distinctive characters of larva...............- 72 

Molasses and arsenical against boll weevil............-.-.-.-.-.-.--- 33 

Monarda fistulosa, food plant of Anthonomus signatus.........------ 21, rev. 

Monarthrim malt, injurysto Oaks o..- cece = 2 2 eee eee tee 

Monomorium minutum, general account .....-...---:.:.----.------- 34, rev. 

TEIMEGIES Sc F GL. Ron eee merce 34, rev. 

pharaonis, enemy of Cimez lectularius................- 47, rev. 
FENneTavaccOUMbzc: seve -cerwacl eee tee 34, rev. 
Teme Ges. cid ran cee reer eeeee Eee 34, rev 

Montana, requirements relative to shipment of nursery stock....... 75, rev. 

Morning-glory, food plant of Aphis gossypii. ...........------------- 80 

MORRILL, A. W.., circular, ‘‘The Greenhouse White Fly (Aleyrodes 

Vaporarionum: WeStwi.) (hee oases asec eee eee eee 57 

Mosquito netting. (See Screen, wire.) 

Mosqiitoesasicarriers Of malaria®-eeesseeececere aera aera 40 
generablaccountnen. ae. Nace alesse cb eee eee eee 13 
of North America, how to distinguish the different spe- 

cies, circular, . 5 -2etee Bees cote 40 
tables for determination of genera 
and species, adults..............--- 40 
waned States, key for determination of larvee, circu- 
BY os, o:oic cies Ses ES ce cee sicee tice eee Cee eee 72 
YOMeGiIeS: Pa ee eee cs, See 13 
Moth, Angoumois grain (Sitotroga cerealella), hydrocyanic-acid gas 
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brown-tail. (See Huproctis chrysorrhea.) 

“Buffalo.’? (See Anthrenus scrophulariz.) 

case-making clothes. (See Tinea pellionelia.) 

gypsy. (See Porthetria dispar.) 

Mediterranean flour ( £phestia kuehniella), hydrocyanic-acid 
gas asiremedy -- ae oee se eee erereb oer Oe Ce cee eerie 46, rev. 

southern clothes. (See Tineola biselliella.) 

tapestry. (See Trichophaga tapetzella.) 

tussock. (See Tussock moth, white-marked, and Hemero- 
campa leucostigma.) 

webbing clothes. (See Tincola biselliella.) 

Moths, carpet. (See Moths, clothes.) 


clothes, circilan: 2eSAeeaoe gee ee ae nce ass to ee rete 36, rev. 
hydrocyanic-acid gas as remedy.............------- 46, rev. 
remedies). 22. te So haa ate SR a re cee 36, Tev. 

fur. (See Moths, clothes.) 
small prey of Scutegeng force pSre ieee sa tee ete 48 
Mulberry, food plant of Pulvinaria innumerabilis.........-.....----- 64 
Thyridopteryx ephemerxformis....-..-..----- 97 
Mullein, food plant of Leptinotarsa decemlineata..........-...-.----- 87 
Murgontiahistionica, circular 2 5.-cccecree cscs see teas eee] Careers 10 
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Musca domestica (see also Fly, house). 
: . ; Fh NER TAD 
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general account....--.--------+--+-+++++++2++2++-5- { 71, rev. 1, 3-10 1 
insects mistaken) therefor. . 0... sscues jae eee eae ste { val tae oe Pike ea ar 
Muscina stabulans (see also Cyrtoneura stabulans). f 
DTD MOUSES esos cette fates are acer arststchs ctaparope era ve ep eera et ee 71, rev 2,3 3 
Museums, infestation by Tineola biselliella............:...--.-.----- 36, rev Atl ls Woe hs ee 
Mushroom beds cultivated by tropical white ants................-.. 50, rev AMA NS Set 
Muskmelon (see also Cantaloupe, Cucurbits, and Melons). 
food plant of Melittia satyriniformis SEIN Bre > 30 0) a a Cem SOULE New ae | eee i caren cial eee 
Mustard as trap crop for Aphis brassic#... jcc ences ceei ete e- 80 DTG Pee 8 Oe 
food plant of Diabrotica 12-punctata...........-.----------- 59 Say eee ees 
MUR OQIUUINISTMONACH =e eee ear eae et 10 174 | eR Se Cie 
I ORT MRIY OF ae a sae Sos Nes Se oy ee ere ae 60 Aral Seay ei 
prapcropuoncabppage aphisea..s-4-c 5 ee nas aee See eels 80 NGA cose eae 
HITEC LOMPA TOMES sabia vorrledrsteere oy Ae nek ct oe Oa 80 15), lana 2h ens 
Mycetophilid larve mistaken for Mermis albicans. ..........-------- 62, rev. ON ee aes 
N. 
Naphtharagainst Clothes MOtHS. oo. taccij occ hde eee reece ete tet 36, rev Cheap see teist 
Naphthalinemcamst clothes moms esasaceoeeccee-n es eee eee eee 36, rev ORM wie s Se dees 
atehymiteiol Chickens, s-ccee- 22 Melee eee ee eee 92 col I es eso 
powGer-post peetlessssaice. oes Shee Re IIo 55 5) dl RE IRE He 
Stripedicucumiber beetles: s-222e-4eee--- eee 3l1,rev. 2 TASB es <i 
and kerosene against common hen Jouse........-.-...- 92 (Dba opeertere 
. preventive of ill effects from exposure to ‘‘chiggers”’ . - - 77 bi) | eos ee ee ts 
Nastinium food plantjomPontiarapxzi..a.-22 2... 220422 see see eee 60 ANS (ie ge on eH 
Nebraska, requirements relative to shipment of nursery stock.......| 75,rev. 2 GY |e Eee 
Nectarine, food plant of Conotrachelus nenwphar........-.----------- 73 AN GR NNe ae So ee! 
SCOLULUSIMUGLELOSUS a = = a ee eee ee et 29, rev. Ap taer noes Ae 
Nectarophora curcurbitz, the squash aphis................-.--------- 80 Shy [eee eth alors 
GESiiUClOon—WMAcrOsUpNUM PiSt es. eee eee eee ele 43,ed. 2 1 al seeeeaereereeee 
Negundo negundo. (See Box-elder.) 
Nelumbo, food plant of Diabrotica 12-punctata..................----- 59 Cal et bb oe 
Nemorza leucaniz, parasite of Leucania unipuncta .........---.----- 4 5 3 
Neocosmospora vasinjecta (see also Bacillus tracheiphilus). 
spread by Diabrotica vittata..............-- 31,rev. 2 DI Aged EBSD aye 7 
Nepeta glechoma, food plant of A phis qossypii.............-.--------- 80 Ot RRES teas ee 
Netherlands, laws relative to importation of American plants, trees. 
ATIGRILUICS eee ree eee eer eee a eee kes eie ae a SIE I BAe 41 ARLE Seta Rea 
Netting. (See Screen.) 
Nevada, requirements relative to shipment of nursery stock......... 75, rev. 2 bil Pe ciedes ot tees t 
New Hampshire, requirements relative to shipment ofnursery stock.| 75,rev. 2 Np | See ne cece 
Jersey, requirements relative to shipment of nursery stock. - 75, rev. 2 Sa aes Saree ees 
Mexico, requirements relative to shipment of nursery stock....| 75,rev. 2 3) ees ce eee 
York, requirements relative to shipment of nursery stock.....- 75, rev. 2 OO es eile eee 
Zealand, laws relative to importation of American plants, trees. 
ANGELS Mesa he ee sae Jee ee meee e ssa sais te cS See e eee 41 CS i ad ee 
Newspaper barriers against fruit-tree bark-beetle..........--.-.-.-..-- 29, rev. | ae eee 
round-headed apple-tree borer........-- 32, rev. 3 Gt eee 
two-lined chestnut borer...-...........- 24, rev. GO? | Seana ee See 
Nezara hilaris, enemy of Leptinotarsa decemlineata.............--.---- 87 Ti ee meres ee 
Nighthawk, enemy of Leptinotarsa decemlineata..........-....------ 87 D7 4h ed eae eh oy a 
Nightshade, beaked. (See Solanum rostratum.) 
Nitrate of soda ALANS Seed-COMMIMAGFOL.. 4. nsss lessees cess aese 63,ed. 2 Bilis cea meee 
North Carolina, requirements relative to shipment of nursery stock..| 75,rev. 2 Gries eke sae 
Dakota, requirements relative to shipment of nursery stock..| 75,rev. 2 GF |RSS ee ae 
Nursery stock, fumigation with hydrocyanic-acid gas.............-- 46, rev 1 ene aa chen 
requirements relative to shipment, circular.......... 75, rev. 2 TOF | ee ce esas 
SNM GEWCOMUS CITCUlAT sas, Pe eee ek 2 2 o's Ss SEN See ee eT i-15 1-14 
_ Nymphza candidissima, odora, and rosea, fumigation with hydrocy- 
ATUICZAC LOND AS eae see ne ee tala ce ble SU epee 2a Sth ORE 37, rev. 2 0 ease een cee 
Oo. 
Oak, food plant of Chrysoboiiris femorata...........2 50.22 2s 2 32, rev. 3 Wh Sees es 
VOLE COSOMNAIOTILCHICUN Gee oa eee cee eee 98 Peja | ate SS pe 
ENAOTUUREIVI TIDE TILL ete = mene ee AS Fae) Bnd 2mm me Ta 82 2 1 
AULA US| CONUDOSIUUS ys was s es ok ee ee ae . 82 2 1 
EAULUUIVONLORUILTLUNIVET COLLIS a ner nee eee 64 Df Ears Seer 
Thyridopteryz ephemerxformis...........--------- 97 ADA nace Ses le 
scarlet. (See Quercus coccinea.) 
white food plant of Algilus0ilmeatus:... 2222.2. - sccine 2-5 ci 24, rev Aiea ne 
yellow. (See Quercus velutina.) 
Oats, food plant of Diabrotica 12-punctata ..............-...---25---- 59 5 a eRe ees et 
ULI UPSIVCOUGTUE ee esa oe ee eet 68 Pal lee se ie 
CUCU UNI PUNCH et ae ee ees sae 4 Db pees saga ly Uae 
IS DILOCOGU ITEC UCIUCn tas ee ei ak ea ee ae er 81 Fil Ne een 
NP POLOPLENG QUATMANU MN a a. aie = «= = -)45%,-lo eis as a(S Gord be { 93 fs 9 F WTAE Dey tia 
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Circular 
No. 
Oberea schaumii, injury to Populus monilifera.........-.-2----------- 23 
Ochlerotatus abfitchii, distinctive characters of larva...............-..- 12 
ezstivalis, distinctive characters of larva..............-.-- 72 
atropalpus, distinctive characters of larva..............- 72 
aurifera, distinctive characters of larva ..............--- 72 
auroides, distinctive characters of larva................. 72 
bimaculatus, distinctive characters of larva............- 72 
canadensis, distinctive characters of larva............... 72 
cantator, distinctive characters of larva................- 72 
CUNETEODOTEMIES Gepae UNIO Ri TR uss es re Se Be 72 
COMP IMATUS Bo dele WER NOS Nee 2 ee ne aes pee 72 
damnosus, distinctive characters of larva............-.. 72 
dupreei, distinctive characters of larva.................- 72 
fitchii, distinctive characters of larva................-.- 72 
impiger, distinctive characters of larva.........-...---- 72 
inconspicuus, distinctive characters of larva...........-. 72 
LOLADUGE CLUS SBMA 5 Sie ah ee A ee hs eel Rot cA ec ee "2 
lazarensis, distinctive eharacters of larva...-.-......-.. 72 
mitchelle, distinctive characters of larva.............-- a 72 
nivitarsis, distinctive characters of larva..............-- 72 
pretans, distinctive characters of larva.........--..-.---- 72 
pullatus, distinctive characters of larva.....-....-.----- 72 
punctor, distinctive characters of larva................- 72 
SENT EUS csi it Be mae, 5 Ss a Cea ol cele Sea eae aan 72 
Sollicitans, distinctive character of larva................ 72 
subcantans, distinctive characters of larva...........-... 72 
sylvestris, distinctive characters of larva.-.....-...-.-.-.- 72 
LENIONNY TCR US Ee ee etn PRI oe a ed Me Z 
trichurus, distinctive characters of larva...........-...- 72 
triseriatus, distinctive characters of larva ............--- 72 
trivittatus, distinctive characters of larva .............-- 72 
aT varipalpus, distinctive characters of larva...........-.- 72 
Ocneria dispar. (See Porthetria dispar.) 
Ohio, requirements relative to shipment of nursery stock........... TO pLOVis2 
Oil (see also Kerosene and Petroleum). 
residuum sagainst house Marie. | slick cuccn Seaete eke eu eRe 71, rev. 
washes and emulsions against San Jose scale....-..-----.-.-.--- 42, ed. 5 
Oil-water treatment against San Jose scale..............----.------- 42, ed. 5 
Oilsiagainst bedbugces fakes sa ae ee Ee a en Se ee 47, rev. 
OR Warblei ch scteeis wis deb ewiewie get eae 25 
and carbolic.acid against ox warble: 22.220... -: .aseees eee 25 
sulphunagains hoxwarbles jesesas- es ea0 ene ee ee eee 25 
Oklahoma, requirements relative to shipment of nursery stock....-. 75, rev. 2 
Okra; food plant of Aphis gassy pitt Weer n oa .o2 den nieere eee eee 80 
Di qbroricane-punchaiien teers eee eee ae 59 
Olive, food plant of Hulecanium nigrofasciatum.......-.------------ 88 
Onion, food plant of Pegomyacepetorum ae: es a2te re =: tae ee ae 63, ed. 2 
TUSCICE DS) Fiee. seis NY. | Sere 63, ed. 2 
maggot. (See Maggot, imported onion.) 
imported. (See Maggot, imported onion.) 
thrips. (See Thrips tabaci.) 
Ononis natriz, food plant of Hylastinus obscurus........------------- 67 
Ooencyrtus anasz, parasite of A nasa tristis |... 5-2. 12. 5. eee ee eens 39, rev. 2 
Orange and other citrus fruits, food plants of A phis gossypii..-.-...- 80 
aphis. (See Aphis gossypii.) 
white fly. (See Aleyrodes citri.) 
Orchard grass. (See Dactylis glomerata.) 
scolytus. (See Scolytus rugulosus.) fe 
30 
trees, injury by, periodical cicada ss4)--34 esas ees a 
89 
Oregon, requirements relative to shipment of nursery stock.......-.- 75, rev. 2 
Oriole, Baltimore, enemy of Ceratomia catalp#.......-.-...--------- 96 
IMGLACOSOMM a CINENICANG Se ee esse eee 98 
Ornamental plants, food of Macrodactylus subspinosus........------ 1, rev. 
Orxtheziainsignis onicoleusseeeeee eee eee EELS 37, rev. 2 
Osage-orange, food plant of Pulvinaria innumerabilis.........------- 64 
Pulvinaria. (See Pulvinaria maclure2.) 
Otiorhynchus ovatus, mistaken for Anthonomus signatus as straw- 
berry: pestin Rocky: Mountainiregionieaese stan cceeeseeeeese ee ease. 21, rev. 
Ovens) infestation by-Lepisma dOMeSHICO. vaci.n sce ce ee else eee eee 49 
Oxwarble. (See Hypoderma lineata.) 
“wormal,’’ colloquial name for Hypoderma lineata...-...-..----- 25 
P. 
Pachyneuronsp., parasite of A phis gossypii..........-------2----- 222: 80 
Paleaentavernata, generalaecountunqesy sneer eee eee or eeesees 9 
MEMEGICS <pyee etios canis es eee aS caer eee ee 9 
Pan American Platypus. (See Platypus compositus.) 
Panar vicioriz, fumigation with hydrocyanic-acid gas.-......------- 37, rev. 2 


Pandanus veitchii, fumigation with hydrocyanic-acid gas..........-.- 37, rev, 2 
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Figure. 
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Circular 
No. 
Panicum miliaceum, food plant of Diabrotica 12-punctata.....-..-.---- 59 
possible food plant of Toxopiera graminum....-..--------- 85 
Paper, wall, injury by Lepisma saccharina...........--------------- 49 
wrappings against peach-tree borer.................--------- { a 
Papers, destruction by Termes flavipes......-..-.------------------- 50, rev. 
eaten by Lepisma saccharina.......- SUB Sed ASRS a 49 
Paragordius varius mistaken for Mermis albicans...-....-.--------- 62, rev. 
Parasites and enemies of brown-tail moth, importation from abroad. 58 
gypsy moth, importation from abroad..... 58 
encouragement against bagworm..........-..--..--.------ 97 
DINE} WeVIlin ws aot e es ae 2 we She 2c 90 
introduction against <“ereen. bug’? -..--)2...-..--+--.----- 03, rev. 
protection in work against catalpa sphinx .......-...----- 96 
Parharmonia picex, work in Sitka spruce...-......-.--------------- 61 
Paris green against apple-tree tent caterpillar ...... SS Ape eeu 98 
EVE aDIAY. N70) 0-0 Te ae ae es eae pee ee rE Ee 4 
DAS WOLMe me saps es. Gees cee emace aae e 97 
Erol urcew Msn tictahe NE ON MMNE I Nc A te { Ps 
Catal PAS DHNEKE eee aren en ee inate ticle stains 96 
Coloradonpotatospeetles eae sea iee tise eines =e 87 
GOMMUTOOt- Worm SOUTMEr ss 5205) s se eeiseae shes se 59 
GlINMGaDeetlermr saniae vets wee ere seh 8, rev. 
fal CAIMKCT=Ww ORs S22 ase eee ee eats sar oe ayysim 9 
imMporledicabbage; worm. =o. s2 soca see ae eee = 60 
{OTST SMT Ser SE hele Epa ay 26 
LUMA MMC UNO sete eye yates area) setae oieciciele = 2 = 5 73 
slender seed-corn ground-beetle.......---------- 78 
Spruneicanker-wOlm\sccsc22- sss 5545-2 e tec ei seicis 9 
SiTAWDCEYE WCC Vile. = ane e sone o oclss Se se eee aes 21, rev. 
Siripedicucumiberbeetles.2 2.5. cs sec eene--te 31, rev. 2 
and Bordeaux mixture against strawberry weevil... ---- 21, rev. 
bran mash against imported cabbage worm.....---- 60 
corn meal against tobacco budworm.......-.------- 68 
lime against two-lined chestnut borer..........----- 24, rev. 
plaster ineffective against strawberry weevil..-.-.-..- 21, rev. 
salt and horse droppings against grasshoppers. - .--- 84 
yellow - winged 
LOCUS eae ee nae 53 
soap against peach-tree borer...:..../--.-.-+---.-.- 17 
SSHMSCCUICIC Ce mreya eee en emis eee eye ere a aiasc a ere ola tals Ejaiana tress 1 
carbolic acid, soap, lime, and clay against peach-tree 17 
[XORRETR PSS es SS SEE IETS ico et Sp a a 54 
originally used as insecticide to destroy Colorado potato 
CO Ess5dee SSeS Ses Ses ARS RSIS ec ee a 87 
useless\arpainshehestnut WeevilSs.. 2 o5-- 20 oes sos ence ce on 99 
IBATENENOPLEHEeSIS 1M ZYSUDNLCUUSIERILICT Noes ss) tee eels ose t ll ape 93, rev. 
Pasimachus elongatus, enemy of Leptinotarsa decemlineata......-.--- 87 
ESL G CALCD M COCKLOACHEG. oe ye sin. )-5 3 an oes ee cide ow mpl an 3 51, rev. 
IGEDUSIIVORS CLCCILON ON. Hee eee ys eetal tem ee ee ch a 49 
PASouTINe AsAlNSt ClOVer LOOL-DOPeLr-.- = sa.<-- fee cso- ee ses ne ~ ace 67 
Pea aphis. (See Macrosiphum pisi.) 
IOOd Plant Ol DabTOLiCh VIA ee os 3 5 oe eae inieye = ai eo 31, rev. 2 
FET ULSUIIY US) OUSCILILS ae eye eee er errs reecla eae = ete 67 
IMECLOCUCHILUS SILOS PUTLOSUS =a ee cee ne eee ae a 11, rev. 
IMIGETOSUD ITI DIS Se eRe Ree tere nee ene nc coe 43, ed. 2 
ICO OMTULLUSCLCC Soe aera ee ee ee eee toe 63, ed. 2 
louse, destructive green. (See Macrosiphum pisi.) 
sweet, food plant of Diabrotica 12-punctata...........---.------- 59 
WVIRCTOSUBIMUTIE DISt 4:3. - tele Snes cc + chs 43, ed. 2 
teach, food plant of bryobia pratensis... 0. ~ 225 east ene s eee 19, ed. 2 
OMiUSODOLNTES CMOTOLO 0 seen eee. ese 2a ee SILO clo 
COMOMACHELES RERUDNGT® on ee ea 73 
LYNG OHO L245 UGS BS 5 06 oe eee ene eee 59 
SLOSS ECT QO IOs eee yt hehe Severn ia 52, ed. 2 
PULECONUUM M1GTOsASCiatwm...--.-. 22222-2228 88 
FC PLOCORISIUNIUIL OLS eee Bee we ee Sen ee 28 
IMACTOUACHIVES SUDSPINOSUS=-— ©2252 22 ena 11, rev. 
IMONACOSOMAOMENICUNGs 2-25 12-22 y= 8 panies re 98 
ERO ONE ILVUNTLCh QUUS) 2 eee eee te no so teense 64 
Sa OSCISCOlGmmemer sae reer enn ete ttt Rte 3 
Scolytus rugulosus.......---- SESE ns. Vemee 29, rev. 
rosette, quarantine regulations of foreign governments against 
introduction from the United States......................- 41 
soft scale of Europe. (See Eulecanium persicex.) 
tree borer. (See Sannina exitiosa.) 
yellows, quarantine regulations of foreign governments 
against introduction from the United States........../...- 41 
Pear, Bartlett, seriously injured by Psylla pyricola.........-.--.---- 7 
Buffon, not seriously injured by Psylla pyricola............--- 7 
Duchess, seriously injured by Psylla pyricola...........-..---- 7 
Dwarf Lawrence, seriously injured by Psylla pyricola......... di 
MOG DIASL CUA Pits QOSSU PIs 2.5. co nec aoes cot eacek Necceesl els 80 
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Pear, food plant of Aphis malt ....- 2. ..5 wseceeeccepe Ont eee ee eee 
TULLE OUCH hee AP a eS Re 
Bry ODUr Dracensig FeOk ks ek eee ees <2 4 Foe Boe 
Chrysobothris jemorataeee: sae te ek Lee ee 
Conotjachelus neni phir: Fo es eee eee 
Dianova 2 punch eee ee ee eee 
ETLOCHN POLUCSILUM ACN: — een ee een ee eee 
Eulecamum nigrofasciatum: 222.022.2222 
Buprocuschrysorr hea) ® os aN este ss ee 
Macrodactylus subspinosus.........-.-.--+-----+- 
IMGLACOSONGIATLERICONT SE te. nee eee ae 
PSY UA DYUNICOLE => SIESES EE EEL OL REL Ree Aree 
PUT IU UI CNCOULIS ae eee ee ee 
San: Joseiscale Shires Mera ses Cae eee 
SOperda COnMIAEST ERS LE a ts Se ee 
SCOLUUSIIALGULOSTLS Sree eee Nee eee ere 
Siphoconryme quence sone ors 2 Soke eee ieee 
Kieffer, not seriously injured by Psylla pyricola............... 
LeConte, not seriously injured by Psylla pyricola............- 
slug. (See Eriocampoides limacina.) 
Standard Lawrence, not seriously injured by Psylla pyricola. . 
tree Psylla. (See Psylla pyricola.) © 
Pecan food plantviot Balanimvusicanyecucae see seen tee on ene eee 
weevil. (See Balaninus cary2.) 
Pediculoides ventricosus, enemy of Jsosomea tritici................-...- 
Pegomya brassice. (See Maggot, cabbage, and Maggot, radish.) 
cepetorum. (See Maggot, imported onion.) 
uUSciceps, Seneralaccoun ty cae sreree oe ae cccact ce enasceone 
TONLE CIES HS Noles. Re ee ht pee ae oe 
Pennsylvania, requirements relative to shipment of nursery stock. . 
Pentiia sp., enemiy:0f emanycnus Glovertams ae ose aee cence ce ene 
Pepper, food plant of Leptinotarsa decemlineata...........-.--------- 
grass, 100d plantioleA his Gossypirianes seca been acne ene eee 
Peppermintas remedy for ChHigsers wes see eee Oe in eevee eens 
Perillus circumcinctus, enemy of Leptinotarsa decemlineata........-- 
claudus, enemy of Leptinotarsa decemlineata............--.-- 
MGLACOSOMMONICTICON G22 ee sae 4a eee 
Periodicalcicada. (See Cicada, periodical.) 
Pernplanetwamericana, eeneral accounts. oes 2 soe eee ee eee 
TETSU CG stays ae eee Se hee ro pacha ae ee ae 
QUSTTALOSIE, PeNenalacCOUN Lesage seco: cence a aee ee ee ee ee 
TEIMEGICS Here eee NAS SES CRS eee eee 
germanica. (See Blattella germanica.) 
orientalis. (See Blatta orientalis.) 
Persimmon, food plant of Conotrachelus nenuphar.............------ 
Petroleumagainstlocustiponensssss sere ee oe ene ee eee Bhs 
WHITE ANTS SE eee eee Sa ee OOS ee 


emulsion, crude, against apple aphides.................. 
soap emulsion against San Jose scale..................--- 
Petunia, food plant of Leptinotarsa decemlineata.................---- 
Phalangium dorsatum. (See Liobunum dorsatum.) 
PHILLIPS, EH. F., circular, ‘‘The Brood Diseases of Bees’’............ 
Philonthus apicalis, enemy of Leptinotarsa decemlineata..........-.-- 
Phorbia. (See Pegomya.) 
CEPAnILIN—'E eG OMY a Ce PELOMUN sna 2s see peso ee ee nee 
JA LO BOE AOU ZAI JOO OSES es So bvesene sek taseenseesescealsousse 
Phorocera doryphorx, enemy of Leptinotarsa decemlineata........---- 
Phorodon wml Cire wlarken sete s oke eee eee eee ere Pee eee 
TOMCAIES He seers on y= ead eae ree hee See ee Se eee 
Phosphorus paste against cockroaches. 252.22..2..5222-21222 22 
Phrynium variegatum, fumigation with hydrocyanic-acid gas....... 
Phyllobxnus dislocatus, enemy of Scolytus rugulosus.......-..------- 
Phyllodromia germanica. (See Blattella germanica.) 
Phyllosticta catalp2, a leaf-spot disease of catalpa........-.--.------- 
Phylloxera of grape ( Phyllozera vastatrix), insecticides.......-------- 
Pihymata wolfit, enemy .Ol oni TapLe oneness ees eee eee eee 
Physalis, food plant of Leptinotarsa decemlineata..........---------- 
Phytolacca decandra, food plant of Tetranychus gloveri.......-------- 
food plant of Diabrotica 12-punctata............-.-------- 
PHiyjtonomus Punctavws, Une USIeNeMy eee see aes eee eee ee eee 
the clover-leaf weevil,work in relation to that 
of clover-flower midge (Dasyneura legumi- 
NICOLA Su dee Peas oe eee CR CREE 
Picea sitchensis. (See Spruce, Sitka.) 
*¢ Pickle brood.’’ (See Brood, pickle.) 


“‘Picudo,’’ Mexican name for Anthonomus grandis..........--.------ 


Pieris rapx. (See Pontia rapz.) 
Pigeon grass. (See Jzophorus glaucus.) 


mite, Mot same as Poultry, Mites scree eee eee eee ere ete | 


Pigweed. (See Amaranthus.) 
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regener Page 
Pimpla annulipes, parasite of Malacosoma americana........-..----- 98 5 
conquisitor, parasite of Malacosoma americana...........--..- 98 5 
Thyridopteryx ephemerxformis........ 97 6 
inquisitor, parasite of Malacosoma americana............-.--- 98 5 
Thyridopteryz ephemerxformis.......-. 97 6-7 
tussock moth and Malacosoma spp... 97 6 
pedalis, parasite of Malacosoma americana..............----- 98 D 
Pin borer, girdled-cypress. (See Platypus compositus.) 
bOLers wij UTyALOLeindledi@ypressi.). 34022 S555 se ee oe asec ee Sees - 82 1=3 
WORMS tt yalOrmindLed (Gyplessie-c.5 ano sSsa-asseaeee eee oe 82 1-3 
Pine, destruction by Dendroctonus frontalis.........-...-.---1---+--- 24, rev. 1 
fACknOst Uhee Olpla’SSGdEsiSUnODI aah sae et cia eee SD SEDs 90 3 
lodgepole. (See Pinus murrayana.) 
pitch, host tree of Pissodes/strobi........ 2 22s ad ee 90 3 
weevil, white. (See Pissodes strobi.) 
Witte nOStibnee! OleISSOGeS SE00US. 5. ania 2 Seo acs ciss pene 2 els 90 17 
yellow. (See Pinus ponderosa.) 
Pinhole injury to girdled cypress, circular................---..-.-+--- 82 1-4 
Pinus ponderosa, host tree of Dendroctonus sp....-..------.---------| 61 9 
yellow-pine bark maggot.......-...... 61 9 
MUnTayane, DOSt tTeeor barkimar got. 2-\2). 22-2 wee oe ee 61 9 
IDAPOTOGOLUS SOtdasescedseeuseesuEooe 61 9 
Pipiza radicum, enemy of Schizoneura lanigera.............--..----.-- 20, rev. 6 
25 SOMESESHOOIMCIL CUNT em seats a8 eo stays ecient Rehwis ieusr i 90 1-8 
STIG HSS) 2 oo oooh bm Oclot Ce IO Ee ane ee es re aA 90 7-8 
Pitch-worm, spruce. (See Parharmonia picex.) 
Plantain, 100d splamt Ol AyphisiGOssy Mites aia ata.a2  rcisicie sere o ince =i oiens space s.= = | 80 5 
Plant bug, box-elder. (See Leptocoris trivittatus.) 
foliage seldom if ever eaten by cockroaches..........-.-------| 51, rev 2-3 
lice (seealso Aphides). 
hydrocyanic-acid gas as remedy... 4-4. seesece st ose 46, rev 1 
louse, apple-root. (See Apple root-louse and Schizoneura 
lanigera.) 
PLOGUELS, L000 Of COCKLOACRES Faas a eis nin ee aes leet) OL, TEV 3 
Plaster, land, against striped cucumber beetle.......-....-.-.-----.| 31, rev. 2 6 
and turpentine against squash bug................... 39, rev. 2 5 
impracticable against house flies...............----..- a ae : 
, rev. 
Of Panis agaimtist camper beetlen =. 2 22-2 )2 37-23. 2 = Fale 5, rev. 3 
(OO Gat CS. a ee eae er 51, rev. 14 
and sulphur against cotton red spider.....-.-.-...- 65 4 
Platygaster herrickii, parasite of Mayetiola destructor..........---.---| 70 12-13 
sp., parasite of Malacosoma americana.............------ 98 5 
Platygerrhus (?) scolyti, parasite of Scolytus rugulosus..........-..... 29, rev. 6 
Platypus compositus, injury to girdled cypress..............-----.---| 82 2-3 
Plowing. (See Cultural methods.) 
Plowrightia morbosa, food of Conotrachelus nenuphar...........-..... 73 4 
Plum curculio. (See Curculio, plum.) 
food plant of Bryobia pratensis........-.--.-.-.-----+---------- 19, ed. 2 2 
Chrysobothris femorata......-.------------------- 32, rev. 3 9 
Conotrachelus NENUphanesen. ee sseeeeee ease 7B 4-5 
DUES DISU PETG OME 8 hte Solas SSRI ES 52 4 
Kriocampoides limacina.....-.....-.-.----622-+ 4: 26 iss) 
Eulecanium nigrofasciatum.......2--.2.+.---..-- 88 2 
IEE DLOCONISKENIOILOLUS 2 seer ai sich as = 28 1 
Macrodactylus subspinosus.......--.------------- 11, rev. 2 
Malacosomaramenican@ ses 2354 fot ae eee 98 2 
JPCRD DOM Ws so ane sbdesueseds sone neee eee 2 3-4 
PP ULOUATIG VUIUMETADUUAS = 2) pre rorya ar siaierie mot 2 | 64 2 
SATE OSEIS CAC heraree aya a rere Ae faeteretvcroti= See | 3 1 
SC IUMUILONCUILLOS Umea tala ee as aaqers= oe = ee if Ee _ 
S COMPS RUGULOSUS sn 5) 2)-)- Sameera SI LIE 29, rev. 2 
SUP ROCOTUILEAAUEN Basane taser see esas ec nce 81 3 
Plusia brassice. (See Autographa brassicz.) 
Pneumaculer signifer, distinctive characters of larva........---.--.-- 72 3 
Poa pratensis, food plant of Tozroptera graminum.........-.--------- 93, rev. 5 
Podabrus rugulosus, enemy of Macrosiphum pisi........------------- 43, ed. 2 5 
Podisus cynicus, enemy of Leptinotarsa decemlineata.......-...------ 87 11 
maculiventris, enemy of Leptinotarsa decemlineata.........-- 87 11 
modestus, enemy of Malacosoma americand......------------ 98 6 
placidus, enemy of Malacosoma americana.......--.--------- 98 6 
serieventris, enemy of Malacosoma americana.......-.------- 98 6 
spinosus, enemy of Malacosoma americana.........-.--.---- 98 6 
ZO TUG NOPE see Nstopereatelaro <i xie\ relate roe ee as 60 6 
aU PSLUSETITECLLUU CURIS RI teh arel = stele teoye eae 2 oe 87 11 
OISO MeO MI CEMUIDC OE: WILES umes ote opt dtara (Sars rare Melaty wea eee ees 48 3 
ivy, food plant of Pulvinaria innumerabilis..............-.--- 64 2 
Poisoned bait against grasShoppers:s. os...) 2.) 2-2-2 2 eee 84 9 
Poisoning from hairs of brown-tail catarpillars................------ 58 10 
Pokeberry. (See Phytolacca decandra.) 
Pokeweed. (See Phytolacca.) 
Polistes pallipes and other wasps, enemies of Pontia rapx......--..-- 60 6 
enemy of Leptinotarsa decemlineata........--------- 87 11 
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Polistes rubiginosus, enemy of Leptinotarsa decemlineata............- 87 
POUCTAG TUES MOUSES, WALES ys ae och Sete eee eee ee 71 Pon 
Polygnotus hiemalis, parasite of Mayetiola destructor................- "10 
minutus, parasite of Mayetiola destructor.............-..-- 70 
Polypogon monspeliensis, food plant of Toxoptera graminum.......-.- 93, rev. 
Pontia protodice, the southern cabbage butterfly....................- 60 - 
Tape, circular. io NBEO See weg eos oe Se 60 
TEMECMIES 2 2 hb. sie Sei cic, 2 csc) A iar 60 
Poplar (see also Cottonwood). 
Carolina, food plant of Eulecaniwm nigrofasciatum ..........- 88 
BTYOvIa MTAtensisitp ee eee ee 19, ed. 2 
Malacosoma americana............- 3 98 
Pulvinaria innumerabilis.............. 64 
Thyridopteryz ephemerxformis........- 97 
Populus monilifera. (See Cottonwood.) 
Porter’s chess. (See Bromus porteri.) 
Porthetria dispar, means Of Comtrole is. Yee sons bok on eae Us 58 
report on conditions in New England, July, 1904... 58 
Porto Rico, requirements relative to shipment of nursery stock. .... 75, rev. 2 
Potato beetle, Colorado. (See Leptinotarsa decemlineata.) 
bug, colloquial name for Colorado potato beetle.......--....- 7 
food ‘plant of blisterbeetles. $25 2 J. cen be eee cae See 87 
Diabrovica te-puncioldssace eee bek- pee 59 
CD UCCALUCROUIED ei: Aik Bie AN AU pe NL ao ee 87 
Leptinotarsa decemlinediavs ene. see eee ene 87 
P-COOTV OT USCICE Sie e HEME an ae ak Ai vena 63, ed. 2 
OL Termes fAvIgepe eo ai TA Ween k on bak dace eoenee 50, rev. 
Potentilla canadensis, food plant of Anthonomus signatus...........-- 21, rev. 
Poultry (see also Fowls and Chicken). 
houses, infestation by Cimex lectularius.........--.--------- 47, rev. 
mites and lice) icirculan2--2.-5- 425 see 92 
Powder-post beetles, remedies 24.2 |-\ a ens oes |. Ee eel eee 55 
injury to seasoned wood products, circular............- 55 
Praon cerasaphis, parasite of Macrosiphum pisi........-.--.--------- 43, ed. 2 
“¢Preussen,’’ colloquial name for Blatiella germanica..........---..-- 51, rev. 
Primula, food plant of Aleyrodes vaporariorum.....-..-------------- 57 
Prive box, breeding placelot house flies ss es so oes ees 71, rev. 
Proctocanthus milbertii, enemy of Leptinotarsa decemlineata.....-...-- 87 
Promachus saperdz = Cenocelius populator .......---- Witeteeeiceewles 32, rev. 3 
Prune; food plant of Bryobia pravensiss.2co.ce os ek ke see ee eee neee eee 19,ed. 2 
Pruning againstapple aphidesy ee Aes clea eee eae ae See 81 
Prunus simonii, food plant of Eulecanium nigrofasciatum........-..- 88 
Psorophora, distinctive characters of adults..._.....-....2.22-24222- AQ 
ciliata, distinctive characters of larva......-.---.---...- 72 
SV TOM anS swe AY a OA a _ 40 
howardi, distinctive characters of larva...........--..-- 2 
Psylla, pear-tree. (See Psylla pyricola.) 
DPyTicola, CITCULAT. ERR Nee ee Seca eee Ce er eet 7 
PETES CICS Ma wR NNN Cyl ee ee ek te ite Cane 7 
simulans = winter form of Psylla pyricola...........--------- 7 
Pteromalus bimaculatus, parasite of Scolytus rugulosus.........------ 29, rev. 
sp., parasite of Malacosoma americana........---..------ 98 
puparum, parasite of Pontia rape 8.2 J--2------- sae 60 
Publications of the Bureau of Entomology, list, circular...........- 76, rev. to 
Feb. 1, 
j j 1910. 
Pulex irritans, not the common species in houses in the United States. 13 
serraticepsweeneral accOUlte. csser ace cen ne eee lee amar ae 13 
TEIME CICS Hp ae Bee Ree SR oo 2 Rae 13 
Pulvinaria acericola, the maple-leaf Pulvinaria..........-..----..--- 64 
inmavmerabilisicWoular... doe veces eer eee nese ees 64 
TOmMediesis Mone ea SEN Ree ie he een ces 64 
maclure, the osage-orange Pulvinaria.............------- 64 
Pumpkin (see also Cucurbits). 
food ‘plant of Avnse tristislcs us cece. ae Be eee 39,rev. 2 
Diabnoticai2-punctata > | ase oes 59 
LONGICOT IIS AE Melee cea aaa 59 
UERONG so ialee's ec hide ee dete ene 3l,rev. 2 
Melitha satyrinifonmise:.- 2 =. Heeeeaneeeer 38, rev. 2 
Purslane; food! plant ofA phisigossypiiieee= 2) eee eee eee see ee 80 
Pyrethrum jagainsticlover mutew. © Sse ee eee eee eee aici st ie 19,ed. 2 
COCKTOSCHES Hae os det ieee see os ee eee 51, rev. 
fleas )) FO arters SEA EE es Cee 13 
house cemtipeds. :)j.)0ee es Aa eae 48 
imported cabbage worm.......--...---.----.- 60 
mMelomaphis pk esee Seed eek ase ae a ae 80 
MLOSQUMOCS Horses bene tele ee eee eee eee 13 
Silver fish: joc. c. e252 55 Ne one sao se ee eee 49 
striped cucumber beetlowse so. 2 22 a. cee eee ee 31,rev. 2 
ineffective against rose-chafer............---....-es-eeee 11, rev. 
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Circular 
No. 
Q. 

Ciaenemyror bolliweevile- os. 1S se esoosceshes tei bee cee tess cee 27 
TASS OPPS Secs seats See aaa eet ae bis Siplgeetre tie 8 84 

Leptinotarsa decemlineata and chinch bug..-......-.- 87 

QUAINTANCE, A. L., circular, ‘‘The Aphides Affecting the Apple’’.. 81 

“The Apple-tree Tent Caterpillar 

( Malacosoma americana Fab.)’’..-.-.- 98 

Quassia decoctions ineffective against rose-chafer...........-.------- | 11, rev. 

Quedius molochinus, enemy of Leptinotarsa decemlineata......-..---- | 87 

Quercus coccinea, food plant of Agrilus bilineatus......-..-.--------- | 24, rev. 

velutina, food plant of Agrilus bilineatus..........---------- 24, rev. 

Quince, food plant of Diabrotica 12-punctata..........---.-----------| 59 

Bulecanim nigrojasciatwm.:-2.222-.2--------- 88 
SANMOSEISCAlO Maen Net ce er se wes Neh mL 3 
SGPendaCandidaystemac ssa ee aa eee cio = 32, rev. 3 

COLU MUS MALO UMLOSUSS =e sane ene eae eke 29, rev. 

SUPROCONYMC QUEM soem ence eee ee nse 81 

R. 

Radish, food plant of Murgantia histrionica..............----------- 10 
PEG OMUVANOTUSSICDa cetaceans Dae een a stale 63,ed. 2 

PUSCICED Ss hea eam eos AE Toole eS 63,ed. 2 

TRO CUI OH OED 2 Oo Bek sty ti tA A a aes 60 

maggot. (See Maggot, radish, and Maggot, cabbage.) 

Ragweed, food plant of Aphis maidi-radicis........--.--------------- 86 

DiCoTOuUCOMONGICOLNISe ane ae ee 59 
Thyridopteryx ephemerxformis.....---------- 97 
SUCH O UAC (MMU Docdnocancocecdecer cuenta 93, rev. 

Rain. (See Weather.) . 
Rape butterfly, colloquial name for Pontia rapx.......-.--.--.----- 60 
CEAPICTOP TOL MELON IISk Mee ey ees ee lve 2 Se ee 80 
Raphitelus maculatus, parasite of Scolytus rugulosus.......---------- 29, rev. 
Raspberry, black-cap, food plant of Anthonomus signatus.........-.- 21, rev. 
food plant of Diabrotica 12-punctata..............-.----- 59 

Ratssbydrocyanic-acid gasias remedy 22.2 sa ese) 2e2 2 See 46, rev. 

Raupenleim against two-lined chestnut borer.................------ 24, rev. 

Redbud tree. (See Cercis canadensis.) 

cultivated. (See Cercis chinensis.) 

Red bug, colloquial name for harvest mite or ‘‘chigger’’............ 77 
coat, colloquial name for Cimerz lectularius............--...----- 47, rev. 
Spider, contusion with: clover mites: S23. G0 ele ee 19,ed. 2 

cotton. (See Tetranychus gloveri.) 
spiders on Phytolacca decandra and Xanthium spp...----------- 65 

Redwood, California, not injured by white ants.................-... 50, rev. 

“Reptile,”’ colloquial name for Mermis albicans........-.----------- 62, rev. 

Resin wash against aerial form of woolly aphis .................---- 20, rev. 

grape Phylloxera and apple root-louse.......--- 1 
Washesiacalnst SaMwWOse sCaleee samo sweeee ce oases. 3 
ASMMSECUICTC ES pares tee ee NEI oc 1 

Rhizophagus bipunctatus, enemy of Scolytus rugulosus........------- 29, rev. 

Rhode Island, requirements relative to shipment of nursery stock. .| 75, rev. 2 

Rhogas intermedius, parasite of Malacosoma americana......----.--- 98 

Rhubarb, food plant of Diabrotica 12-punctata.............----.--.--- 59 

Rhyncholophus parvus, enemy of Macrosiphum pisi.......-...--.--- 43, ed. 2 

[RILEY, C. V.], circular, ‘‘Condensed Information Concerning Some 

of the More Important Insecticides”... .. 1 
“The Hop Plant-louse and the Remedies 
tojbe) Used Against ltY egies ie ewes. ls 2 
MTU IUOULESIONOIPUNCOLAOM LONG Ea ste tues ree ie ieee Vesti ac 92 


Roach. (See Cockroach.) 
Road dust. (See Dust.) 
Robin, enemy of Leptinotarsa decemlineata.-......--.......-2------- 87 
Robinia pseudacacia. (See Locust, black.) 

Rocky Mountain locust. (See Melanoplus spretus.) 


UltiGes cetistyQvcu res Sb CeCe Ae Oe a ee { 93 te 
Root borers of strawberry, arsenicals as remedy................--.-- 21, rev. 
maggots and how to control them, circular..................-- 63, ed. 2 
Rose-chafer. (See Macrodactylus subspinosus.) 
‘Rose, food plant of Aleyrodes vaporariorum.....-.------------------- a 
Dor onewA2- PU NCO oasca sce ae sae e eee 59 
Macrodactylus subspinosus....-.---.------------- LTV 
IMGlACOSOMO;ONVENICONG: a i212 aes sis oi) = sie eee 98 
OVUM EN COUAS a2 a sitar ae asians 64 
; SCION CRS SUNS WRAPS Eee See ee Ree Meroe 3 
Roses, fumigation with hydrocyanic-acid gas......-.-.-.-.-.-..---- 37, rev. 2 
> White, attractive to rose-chafer ...._....5--.--- 22. sce eoadees 11, rev. 
Rumex,-food plant of Aphis gossypii.........2-.-.0.02es0eeseeeeeeee 80 
“Russen,”’ colloquial name for Blattella germanica...........-.----- 51, rev. 
“Rust mite,” colloquial name for Tetranychus gloveri.......---..--- 65 
Rusts, food of Diabrotica longicornis ...........-..-..22+-----+------ 59 
Rye, food plant of (Cecidomyia) Mayetiola destructor .....----------- H 12, me 


Page. 


Figure. 
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Vier Page. Figure. 
Rye, food plant of Diabrotica 12-punctata..............---- Mpa (<OT Ne 59 AU ie tte ohare 
SUDROCOLYNE QUENLES Renee ee Ree oe eee eee eee 81 PY aeteaen hae tors. 4 
Toxoptera graminum......----- Ah ae { 93 Bs 9 E en a 
slender wild. (See Elymus striatus.) ‘ ‘ i 
Ss. 
Sabethine, distinctive characters of larvee...............-....------ 72 Slots ep ee oe 
Saleratus. (See Soda.) 
Salt /aeamsticonmroot-aphiss sacar seen mere eee nere eee ee eee 86 1p Obey. ot? 
grass. (See Distichlis spicata.) , 
Paris green, and horse droppings against grasshoppers. .-....-.--- 84 fi Jarl nln oa aaah. 
yellow-winged locust.. 53 Th eel at saree 
water, hot.acainst NUt WeeWvilSaser ne eens Eero Cee ee 99 TOG cere ee 
preventive of ill effects from exposure to ‘‘chiggers’’... - Fer hl err is 
Salvia, food plant of Aleyrodes vaporariorum.............----------- 57 CF Wy Be" 5 
Sand and kerosene against seed-corn maggot................--.----- 63, ed. 2 | Pe Sei aaa 
bur. (See Solanum rostratum.) 
flea. (See Sarcopsylla penetrans.) 
SANDERS, J. G., circular, ‘‘The Cottony Maple Scale (Pulvinaria 
innumerabilis Rathvon)”............-.- 64 1-6 1-4 
“The Terrapin Scale (Hulecanium nigro- 
Jasciatum Pergande)?? 22... - jucsmeem See 88 1-4 1-3 
; Pe : 17 1-4 1 
Sannina eritiosa, circulars 290.0) (202. esses ose eng Pao eee { BA L6 i 
; 17 SAG ce cee wees 
TOMOCGIOS Meise dice cape ss Stal as FAs sR OL eee eee { 5A APG ats Lass 7 
opalescens-spest,On! Pacile COaSt mie-osc=— => oe eee eee ee 54 73 |' Ck Wy ee 
Saperda candida, general ACCOUNT « -5-(e swe icis,- @)2. 0 suo eee Bee 32, rev. 3 7 1 
TEMCEGIES Hee he acters Bere ers mete oe Sibeee ee eee 32, rev. 3 Taller eee 
eretaia. rich accounbecheeacceeeeee san oe so oe Sere eee 32, rev. 3 78 ) 
TEMECIESH eee ceiods Hey et eco Sete tee eee 32, rev. 3 CO eee RAS FT, 
Sarcophaga cimbicis, parasite of grasshoppers....--...---.----------- 84 V1 Fae Bh ed” 
georgina, parasite of grasshoppers...-...----------------- 84 4-5 5 
hunteri, parasiteot grasshoppers. ..-... 2.0.2.5... --stuatiem es 84 7 i ete eee 7. 
Sarcopsylla penetrans, the pernicious sand-flea of tropical America. . Wi clinn Dilek Raed 
ScaldingacainstichestnuiweevilSe ep seeese ser eee eee eee 99 LOG Sey ne ees 
Scale, cottony maple. (See Pulvinaria innumerabilis.) 
insects on citrus trees, hydrocyanic-acid gas as remedy....... 46, rev. flee bees 2 
pests in greenhouses and cold frames, hydrocyanic-acid gas as 
MOMOECY eed shes saa sewioe ss ees Sees Beer ane a4 eee 46, rev. | see ee ore 
quarantine regulations of New Zealand against introduction. . 41 Aol aseS mcs .2 
red. (See Aonidia auraniii.) 
San Jose (Aspidiotus perniciosus),an important enemy to 
fruit trees, circular....... 3 1-10 1-5 
quarantine regulations of 
foreign governments 
against introduction on 
American plants, trees, 
andwinuitts=: ts sececeenene 41 1 ne Ablyace! ees 
: Ones et ceed 
remedies....---.----------- { 42 002 Dil: tex eater Pelee eee 
resin wash as insecticide. - . . 1 4.fisatageasae 
terrapin. (See Eulecaniwm nigrofasciatum.) 
ellow. (See Aonidia aurantii.) 
“‘Sealy-leg” of fowls, caused by the ‘‘itch mite’? Cnemidocoptes 
IAUED TS Se SM le NR oS SE ee cael lope ie ata aa. oe ae 92 Og): een er 
Scenopinus fenestralis, in houses, habits.............--.-.----------- { 7] Le ae rea ee: 
LCV. | dineruiid=3 dees. cesses 
Scent glandsjoficockroachesse2¢-..- oc Bo pect. om-s\ine'ss eae Mees 51, rev. D) |~ eksit ow ieeee 
Scheele’s green against apple-tree tent caterpillar......-......--..-- 98 Srisscns fests 
Coloradoipotatoibeetle: .. .-=226- ese -nee eee 87 14s |sz 2 eet 
Schistocerca americana, host of Mermis albicans .........-....-------- 62, rev. Seca ik tee 
Schizoneura lanigera (see also Apple root-louse). 
ENEMYyCOAp ple sise ect toe 81 Le. Ree 
generahaccount Joc ee ox. tos 7 ae 20, rev. “rece 1-2 
Temedieses..6eek Oe eesee DEM ATE shoo sacs. 20, rev. AG haccetre~o5. 
“‘Schwaben,’’ colloquial name for Blattella germanica.....--.-.-.---- 51, rev. 2 | cet ae 
ScHWARZ, E. A., circular, ‘‘The Periodical Cicada in 1897”......... 22 1-4ehec Sook coe 
“The Periodical Cicada in 1898” ......... 30 y BS ae a oe ee 
Scirpus, food plant of Diabrotica 12-punctata......------------------ 59 he omer ss tee 
Scolytus, orchard. (See Scolytus rugulosus.) . 
Tugulosusscirculaneen foc. - hen cee eee bee oe eee eee 29, rev. 1-8 1-3 
TEMEGIOS iat. ee sel eee a te ene 29, rev. Ga8 "|= Sen dee eee 
Screening arainst house fiieswe tes pete eee ee eee eee eee ee { val Siig 3 Be wr hlh, car 
INOSQUBLOES So! 5 ce ee Shere ere ei eee eee ee 13 1 Pe ee 
Sereen, wire, against peach-tree borer.........-.------------------- bd Da na. 3 
round-headed apple-tree borer.....:....--.--- 32, rev. 3 Or. &. eh eee ) 
eclow Wore, attracted to wounds of North American fever tick on : , 
SDOCD. .2 = 2 Sis wisie.s s cys «actu Sitters wlocete'a Sle Sees Se SE REE ee eee 9 Se we fase 


Scutigera forceps. (See Centipede, house.) 
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Cienee Page. Figure. 
Scymnus caudalis, enemy of Aphis gossypii......-...---------------- 80 Glee See ea 
cervicalis, enemy of Aphis gossypii.....---.---------------- 80 Ohler eects 
SCRIZOWCUTO LONG ONG sseys)s =\-leja, 25 ~ a ale 20, rev. Gee ey te eee 
terminatus, enemy of Aphis gossypii......-.--------------- 80 6,7 Saluetay 
Seed corn maggot. (See Pegomya fusciceps.) } 
treatment before planting, to repel corn root-aphis.......- 86 Dees eel eae 
Semiotellus chalcidiphagus. (See Homoporus chalcidiphagus.) 
Senecio, food plant of Diabrotica 1?-punctata........-.--------------- 59 Slee Wl rocco! 
SEDStS OLOLECE SIN BR OUISCS eae ctse cise ns ccisice gaia cieasisieaid aiais ciel aeininin ys 71, rev. 3,6 8 
“‘Serpent,”’ colloquial name for Mermis albicans ......-------------- 62, rev. DA eye sep uLaene e 
“‘Seventeen-year locust,’’ colloquial name for periodical cicada. .--- 30 AL Sees oe 
Shade tree insects, control in cities and towns, circular......-..----- 15 TESTA N eyat uty ae 
trees, food plants of Bryobia pratensis.........--------------- 19, ed. 2 hy (ee ene Na 
AMUN A DOA lO LLee-MOP Peles eerie sae aise = ee oie 23 LaSalle erase oe 
Shaking treatment against American and European foul brood..... 79 Sul See acces 
Sharpshooter, glassy-winged. (See Homalodisca coagulata.) 
incorrect name for Anthonomus grandis.......-------- { S : DEBE ehh 
Sheep, host of Boophilus annulatus, circular......--.--------------- 91 1S Siieie seas Sees 
Shepherd’s purse, food plant of Aphis gossypii....--.-.-.-------------- 80 Bi (epee ta enya he 
Pip DISCHILS CeEStnUClION| Dy, COCKTOACHES 22 = ela s)< = (e1n a= ale e- == 51, rev. Byileenseecesorretas 
Shot-borer, colloquial name for Scolytus rugulosus........----------- 29, rev. Dy | Sena 
Shrew, short-tailed. (See Blarina brevicauda.) 
Shrike, loggerhead, enemy of grasshoppers.......----.-------------- 84 AY «| Beierert= eine re 
Sigalphus curculionis, parasite of Conotrachelus nenuphar.....------- 73 Gp: sae sooo wae 
var. rufus, parasite of Conotrachelus nenuphar. 73 Grtiinse ase 
tibiator, parasite of Anthonomus signatus.....-.---.------- 21, rev. Ag cca: Geng Aaa 
puk- damareioy Levismy SOccnarina... 2.2.02. 2 be occ eto memae ces 49 1 WR 
Silver fish. (See Lepisma saccharina.) 
Simplocaria nitida, association with Cheilosia alaskensis........----- 61 Suibacclod eee 
Simpson, C. B., circular, ‘The Yellow-winged Locust ( Camnula 
PAREN OXI: (SOTO | SVE BEG AS a a Sa a lB i eae cage 53 1-3 1 
Sinea diadema, enemy of Leptinotarsa decemlineata.......-.-..------ 7 DA: fafiay 2s ely ce pee 
DipLacorunciaven--. enemy APPEL: 2.22252 = 2s 2 eet oe at = mee ec 81 Ml ysgege spe oe 
PenejalacCOuUnbeaciees oa cee joccicice seise ies cones 81 9-5 2 
MEL C ONES erie ee apie rere aia Lele a else rates seven otaye 81 O=10), |ses-fee tees ke 
Siphonophora citrifolii. (See Aphis citrifolii.) 
cucurbitz. (See Nectarophora cucurbitz.) 
Siraps,inlestatiom by hause ants......8.. 5. ..-+..520--cs-+-Ces-copeene 34, rev. Ty lace see 
Sitotroga cerealella, the Angoumois grain moth.........--...-.------ 36, rev. Aig Nara tye chee ae 
“‘Skein” centipede, colloquial name for Scutigera forceps........---- 48 Th acheter pee 
DMIs OOM Ol 1 richophaga va PCicendnt. «+6 20022 t en -en ae scseesas--e 36, rev. i ee eee. 
Painter Cblemty Of STASSHOPPeLSee oy s5- 5 yes ne ee eco Sete meas siecle 84 Ai Ne 3 avs) ee 
EDIT OLENSONCEC CNUVILE CLO e rp eer eee ase leaf 87 TD} levee ae deeper 
“Slug,” colloquial name for larva of Leptinotarsa decemlineata......- 87 BiH ee eee 
Eriocampoides limacina.....-...---.--.- 26 a Sento 
worms, colloquial name for Eriocampoides limacina....-.-.- 26 Leis pas cyte eh 
Slugs of strawberry, arsenicals as remedy .......-..-.-.----------+-- 21, rev. Behe ahs ot Gary cee 
Smartweed, food plant of Aphis maidi-radicis...........-.---------- 86 Gitte ks ee 
WO ADTOMCOMONGICONTISa= jose oe eee eee 59 Te |tape ee eee 
Snake, colloquial name for Mermis albicans..............----------- 62, rev. OP cy ec ea 
CHEMRVLOMETASSNOM PelSes cress ctee seisee bee oie ne cieeierine se cisis = 2 oe 84 Abit sen de alae 
worm, colloquial name for Mermis albicans.........-------.- 62, rev. DOM een ee heer cut a 
Snakes, enemies of Leptinotarsa decemlineata...........-..---------- 87 TAS 2% ee 
Snuffboxes, breeding place of Musca domestica............--.------- 35 Bideeee ese kn. 2 
Soap and carbolic acid against fruit-tree bark-beetle..............-.. 29, rev. Th ltrs eee tee 
, beach-treetborenetsscccee oc ces eee 17 BT Se ene ees eed 
round-headed apple-tree borer ......- 32, rev. 3 ig Se ce eas 
caustic potash against round-headed apple-tree borer ..... 32, rev. 3 (Gia See etre ae 
London purple against peach-tree borer...........-..---- 17 AON eee ae 
Paris green against peach-tree borer ...............------- il FUN) eae Aaaat aA A 
washing soda against round-headed apple-tree borer ...... 32) Teviad Ghee eee. os Woe 
carbolic acid, Paris green, lime, and clay against peach-tree | f NG Ary repagt2 ora 
[CIOP kel Sager Aw ole As 2 aN Tite A 30 ia a a AE EL \ 54 AP ep Boe 
fish-oil (see also Soap, whale-oil). 
against truit-treelbark-beetle.. 2-22 4--20.-6-cescs04--- 29, rev. Tal ie ee eee 
HOP LAM tAVOUSey tee wee ise biel o, Sina Scie talc 2 HAG riley Hee qeaien 
i round-headed apple-tree borer ......--.....--- 32, rev. 3 Ge een: eee 
SOLUTIONS APAINSE MELON APMIS: (o--.o sees oll t lL eco ecco eee 80 TS SLAW ate Shteeeee 
SQUASUMDITOS MMe set een ne es acme ae Goo ot ioM 80 LGM Hae 2 yea 
wasit against fruit-tree bark-beetle..2.. 22000202 ole 29, rev. Fi eee ed SE 
[EXE UE GIN eRe euslan ll, ibaa all aoa ie ae a mS Na 26 Gites 23a ver ee 
treatment against San Jose scale.._........-.2.--0-c-eeeeeeeeee 42, ed. 5 yA aN eee ars 
washes against two-lined chestnut borer__.........-.----------- 24, rev. Faby leat hc pes gaat 
; ROG UNG 429 09 ONES) Lk Cob ea TAA Ma a a Ce 20, rev. ADO | nena eee ae 
whale-oil (see also Soap, fish-oil). 
CAE NU ASTI Gyo (Ste OY Ostet A aa a emp) DN Le ara 81 oO Wee i 
COELOTMYAINAD LE SC Aleman oo) siees sue aciaa ls reer 64 G4 Merde ge 
AUT ULES WAL K-DECtIO le oo oe clout 29, rev. Spi | ese Hea et 
SLECHMOUSE WALLET Yi. 52-2256 2555 sue tees 57 bo [ea eas nT 
round-headed apple-tree borer..........-.... 32, rev. 3 Gifts Alera sie 
; pe RCO TME LY A eisai (oe geet eric Ses elticl atta min eicnatete oie ore 93, TeV YMRS i eh ene 
ineffective against strawberry weevil................ 21, rev lal lesen cist ae 
SING UG pores ha eis Ca a a nT aS ree ON 1 4 
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Soapy water against itch mite of fowls... .:. 2252-551... 2252- 2) ee 92 (A iinet 2b 
preventive of ill effects from exposure to ‘‘chiggers’’.... 77 5 (eae eae ee 
Soda and arsenite of lime against Colorado potato beetle..........-- 87 LAA ie ee ee 
soap against round-headed apple-tree borer...........-.--- 32, rev. 3 Gg) eas eee 
remedy for: “ehievers 7) 2.0/2... Pee ee ae eee oc ee 77 Obl Nec eee 
Solanum cornutum, probable food plant of Leptinotarsa decemli- 
AS RE AE, Ried Ai Pear ee 2 87 Bila aS ate 
rostratum, food plant of Leptinotarsa decemlineata.......-...- 87 Dal tsetse ee 
Soldier bug, armed. (See Podisus spinosus.) 
bordered. (See Stiretrus anchorago.) 
Solidago. (See Goldenrod.) 
Soot against root form of woolly aphis .............---...-..-------- 20, rev. Ns Be cede 
Sorbus aucuparia, food plant of Aphis sorbi...............-----+----- 81 fp neers Na 
donvesvica, food plant O1VAphisisonbin ss ons see Coe eee eee 81 hi ilheeie Bese 
torminalis, food plant of Aphis sorbi__........-..-.---------+- 81 ( topetereeeeee 
Sorghum, food plant 01,A phis, matdisic ccc) os 8h en eee eee 86 De ie eo 
Diabrotica longicornis...: ..-.-2 2220s aes 59 J eee eee 
Diatrza saccharalis (larger corn stalk-borer]. - 16 Sole cect nee 
Toxo peer Qramintum ; 22202 oS. 5. een 85 A) ost Ru soat gus ae 
South Carolina, requirements relative to shipment of nursery stock..| 75, rev. 2 (if Sees Roly 
Dakota, requirements relative to shipment of nursery stock...| 75, rev. 2 Hin]. wench caper 
“‘Spanier,”’ colloquial name for Blattella germanica..............---- ol, rev. 2 Wicks 2h eae a 
Sparrow, chipping, enemy of Malacosoma americana.......-..------ 98 Gal aco oe Be 
English, enemy of Leptinotarsa decemlineata_.........-...- 87 oles eek tiem hee 
Pulvinaria innumerabilis...........--.- 64 eee 
Spartinum scopanum, food plant of Hylastinus obscurus..........--- G7, "33 | [oy Set a he ee 
Spathius pallidus, parasite of Chrysobothris femorata.............-..-- 32, rev. 3 Ia pe aeok, atte 
simillimus, parasite of Agriius bilineatus...........--.----- 24, rev. Dy. ds ascied tee 
Spelt, food plant of. Toro piera Graminwm... .o-.2=- 20> nididinn ea neeneeee 85 4) swennae cee: 
Sphezrophoria cylindrica, enemy of Macrosiphum pisi.............--- 43, ed. 2 fs eee 
Sphecius speciosus, range extending northward._.............-.---.- 97 7A rt oe SES 
Sphenophorus, resistant t@eyanid fimes.- <2). 53555. 2. ga5 eememane 36, rev. oh Pee ae 
Sphinx, catalpa. (See Ceratomia catalpz.) 
catalpx, same as Ceratomia catalp#...........-------------- 96 1 LR Ae 
Spice bush. (See Benzoin benzoin.) 
Spider plant. (See Cieome.) 
Spiders, enemies of Leptinotarsa decemlineata_........-.....--------- 87 tA De RN Stl 
SChizoneUna Lang ene» 22a a pwciowe a -2- = ose = oe 20, rev. Oul Sod. seeeetS 
Spike-grass, marsh. (See Distichlis spicata.) 
Spilochalcis mariz, parasite of Thyridopteryz ephemerxformis......... 97 7 8 
Spilocryptus extrematus, parasite of Malacosoma americana........-. 98 Dig Gov’ aan 
Spinach: jood "plant of A phis gossypii a" 2 8220 232022 Leet deeases 80 BD olucins «sperm 
Spirza, flowers, food of Anthrenus scrophulari#........-.-----.----- 5, Tev. 2 eae eee 
Spirzas, food plants of Macrodactylus subspinosus ........--.------- 11, rev. Abita ce 
Spirochzxta apis=giant whips of Bacillus larv#__..........----------- 94 Seas A eS 
Sporotrichum globuliferum, fungous disease of grasshoppers__......... 84 5-7 7 
Spraying apparatus. (See Insecticide apparatus. ) 1 
Spruce, destruction by Dendroctonus frontalis..............-.-.----- 24, rev. 1 3 
host)tree of Pissodes stropis. inn * a5") Pena? eae Se eee 90 Le aa Seco NE 
Sitka; host tree ofParharmonia pice#s* 2255. °° ee 61 9 lsthve edfeme 
Sitka spruce bark maggot (probably Chei- 
Losia, SP: )s SSAMN ges TEN Oe Besa ane 61 ORO locas ces oe 
Squash (see aiso Cymling and Cucurbits). 
aphis. (See Nectarophora cucurbitz.) 
bug. (See Anasa tristis.) 
black. (See Anasa tristis.) : 
food) plantiolrAmasministise: ps eeeeee es eee eee eee eee eee 39, rev. 2 ol ee ape! ee 
Diabrotice 12*punctata se PO eee 59 Dah Watts 2b ieee 
LOngiCOTNIS Se ae sont ca ea eet eee 59 Writs Sees 
VIOLENT SO eR es 24 SOR ee eee Hsia eS Stes eee 
Melitta satyrinijormisn ys. 238520 eee 38, rev. 2 i (TNS 5d 
Hubbard, food plant of Diabrotica vittata............-..-.--- 31, rev. 2 F alts aehieametaeae 
marrow, food plant of Diabrotica vittata..................--.- 31, rev. 2 gl age, Bee 
vine borer. (See Melittia satyriniformis.) 
Stable fly. (See Cyrtoneura stabulans, Muscina stabulans, and Sto- 
morys calcitrans.) 
Stagmomantis carolina, range extending northward ................. 97 23 eee 
Stalk-borer, larger corn. (See Diatrxa saccharalis.) 
Starch rea ten y Mepis a SACOM em ae ee ee 49 i lee shares 2 
Steampagainsticarpet i beetlemser sey 0 past ae ae ye Son 5, rev. a a ee 
powder-post beetles_.... ea 4 808 AION Ae SS eee 55 yi eee oe See 
Stegomyia calopus, distinctive characters of larva__.............-..-- 72 byl ere Seeer 
Stenanthium lindenii, fumigation with hydrocyanic-acid gas......... 37, rev. 2 3, laeieateneoee 
Stenomesius aphidicola, parasite of Aphis gossypii_..........-..------ 80 el ii Fee 
Sticky ily paper against house tiles)... 02 aces ee ees { 71 me ? Riniein eae se 
» TEN dlc éa at ea (eee 
Stictonotus isosomatis, parasite of Isosoma tritici.................----- 66, rev. a | 25. eee 
Stink bug, common name'for Anasa tristis.-. 02525252222 eee. 39, rev. 2 1 eee es here 
Stipa, green. (See Stipa viridula.) 
viridula, food plant of Toxoptera graminum.........---------- 93, rev. a ee ee 
Stiretrus anchorago, enemy of Leptinotarsa decemlineata.............- 87 TE ohn s Smee 
Stomozys calcitrans in houses, mistaken for Musca domestica.......-.. { 71 pee 1 : te EN, 2 
, ie ’ 
Stored foods, drugs, and vegetables, eaten by Lepisma saccharina. . . 49 DM Qle Sowers 
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Straw barriers against fruit-tree bark-beetle...................-.-.-- 29, rev. Teal) SPS ANE 
meach-tree) DOLels2.2.6 32s =e Sees estes sss see eo : a Ca ata 
Strawberry crown-girdler. (See Otiorhynchus ovatus.) 
food plants of Aleyrodes packardt::.2.-.--+-.--.226--.--- 57 4. || PSE Se 
A THRONOMUS SIQNALUS = <2 5252226 225.25255-- 21, rev. Hes), | eee eel 
PAMISIJOSSY Pll Sana eaw aes Sa Ness oss so osoae: 80 Eyal act edhe Ne 
slugs, arsenicals as remedy.......... famine Ss SAL Fae 3 21, rev SAAC eee 
varieties preferred as food plants by Anthonomus signa- 
CUS Ses Poe ois) Wonca tesla Noee ae seek see ESR Les 21, rev 2 Ohi ata ee eer 
weevil. (See Anthonomus signatus.) 
white fly. (See Aleyrodes packardi.) 
wild, food plant of Anthonomus signatus.....-.-.------- 21, rev. 71 | ees at 
“‘Striped bug,’’ colloquial name for Diabrotica vittata..........--.--- 31, rev. 2 Tig bas eee eke 
Stylopyga orientalis. (See Blatta orientalis.) 
Submersion in water against pin borers in cypress and gums.......- 82 Avis tu aleelipen 
Baran ald WOrAMACAINSGANAS: 5.25. 40. t en cece ese. 2 SL 22 0.4 34, rev. Aye sa Mas ee 
Sugar cane borer. (See Diatrxa saccharalis.) 
food planitiot Drainva saccharaus 2. -ssse5 2-220 eee eee 16 DS eee Os says se 
Sugars simestavion by house ants...) 5...5.24242 4250562222222 - ie 34, rev. IES eases VS 
Sulphate of copper and lime ineffective against strawberry weevil... 21, rev Telit, Ray a 
potash against Seed-corn maggot....-.------+.-.-+-+---: 63, ed. 2 Sue re Cee 
Sulphur (see also Brimstone). 
ACAIMNSG COCKTOACMES 555 42, -Gsc a h2= se seaeiee sees es onset. os 51, rev 12 yee ee 
ColtombnedtspiG ene c-ss<2 sos eose sete se eesisis S22 sess 3 5 ASS a fee eee 
SOARS I] OF DIG ee oe SE oe RSE er Seat Se RRS 93, rev. TOR Mate... aoe 
and flour against cotton red spider...-.........---+..-+..-- 65 4. Se ee eee 
LimemgainsGehickenpmitess -<ss22-+sssesess- sees 92 Sua eS Ee 
Common WenlOouSe. 2:22 2 sees see s- a2 aoe 92 OT ered ese ces Sd 
OUS ALAINSGOXSWAlDIG 2452 =icc cee cceas sors hes Fe ees ss 25 ShieL ee 52 e 
plaster of Paris against cotton red spider............... 65 yal oe eames es 2 
road dust against cotton red spider..............-....- 65 AV AW one re 
vaseline, preventive of ill effects from exposure to 
ee ETI SEO Sai eeepe rage Wig days Bi Bi HE AO as 2k ANS tel 5}e |e hs Aen 
Gioxidvagainstcarnpetibectles... 5... os. oh25o555-lee.-2.--2 5, rev. ASI Ne ee cA 
MINNA LOM agains Ded bUsss2— 26245 oceciss saz eee eels a ee 47, rev. olpeames nes. 
omtment against itch mite of fowls.....---..::..2.2.-.-..-- 92 AS WR is <= hee 
preventive of ill effects from exposure to ‘“‘chiggers”’...._._- 77 Ly Ee eee oR .Ce 
Sumac, food plant of Macrodactylus subspinosus......-...---..------ 11, rev. 40a Sc Gare ie 
Sunflower, food plant of Diabrotica 12-punctata.........---.....-..-- 59 Sh Meso See eee 
LONGLCONN ISS Lae sae od ee ae 59 TORE ree 
OLA ais Sasa Beaten As eS 31, rev. 2 Query 525 
wild, food plant of Diabrotica 12-punctata................ 59 Sura oe 
Sunheghpacainst Chickensmitess ss ses2 o¢6ae ss oats Lac ececce. S20: 92 Sultgaee anal gire 
clothespiio taSteas seen: Sane lee teem ee: 36, rev. G1 jph eee 
Swallows, clift or eaves, host of Cimer sp -..-. 222/222 .22 2022 47, rev 3) ake ots eee 
Bmeers iiiiestavion, by HOUSC ants... 52.0242... se5. essen beeeeesee. 34, rev by eilek ee: 
Switzerland, laws relative to importation of American plants, trees, 
EGY AD TTS os oe Com OL cE Oe RN ete a He CS i 41 AN borat ela 
Sycamore, food plant of Chrysobothris femorata..................---- 32, rev. 3 Ose eee ee 
Eulecanium nigrofasciatum............--.--- 88 Qi Py nh = eae 
_. Pulvinaria innumeradilis..........-.....---- 64 Diileel Jas Ses 
Syrphoctonus maculifrons, parasite of Cheilosia alaskensis............ 61 FSi tats, FR 
ROOGLONITS =e eee 61 QS eeete aio cee 
Syrphus americanus, enemy of Aphis gossypii.............--...-.--- 80 OR Ste 
MOCTOSIPNUIMDISt ener Een eee ee eer 43, ed. 2 5h] ea: aero 
flyslanyceenemiuesionaphides!s) 25.2 eee eeecece eck oc esce 81 Siibiased Sa 
PCT ik 2 SRN Os 0 2 | oe ee 80 8 4 
a8. 
Tachina flies, enemies of canker-worms ..../............-.-.-------- 9 2) Ee ete oes 
fly, red-tailed. (See Nemorza leucaniz.) 
Teniorhynchus perturbans, distinctivecharacters of larva.........-.. 72 Billescosese cues 
Tanager, scarlet, enemy of Leptinotarsa decemlineata......-.......-- 87 1 Ip? hes, ae 
Tapestry moth. (See Trichophaga tapeizella.) 
“A? SEIT STE OUI Bay RS oP Os) Ne ke ae 50, rev. 6 Ul ete ee ee ee 
PAPE ALAIISECAnDEU DECLIC se ass oe tea) oe yeicrcee cee 5, rev Si lee ees cee 
Clot HesHMOLNSHeey eee ee ee. | eae eo 36, rev. (oh farses ee aes 
PUL URCOIDATK= DCCL Oe oe a! Sojccteticis ote eee net 29, rev. MAURER a2 1st See 
two-linedichestnut borer.) 222222222. fees 24, rev. Gre ane Sorc 
cardsjagzainsticabbaremaccotes 42044022. 2co2.-2 eee 63, ed. 2 5-6 3-5 
Wares, food plants of Macrosiphum pisi............-.2202222222----4- 43, ed. 2 AN ee NF aad 
Tea, New Jersey. (See Ceanothus.) 
Telenomus clisiocampex, parasite of Malacosoma americana.........-. 98 bell oa 5 ante Ee 
Telephorus bilineatus, enemy of Hylastinus obscurus.......--.------- 67 cA ee ee 
Temperature (see also Weather). 
extremes as limiting distribution of Leptinotarsa de- 
COT TTO stop Wiis ie Mee Ee oe EAE ae 87 6=0) leek. 
in relation to Tozroptera graminum...--..-------------- 93, rev. SO) oartre: sa srt ena 
Tennessee, requirements relative to shipment of nursery stock...... 75, rev. 2 Soe ee sees 
Tent caterpillar, apple-tree. (See Malacosoma americana.) 
caterpillars. (See Malacosoma spp.) 
Tenthredo cerasi, distinct from Eriocampoides limacina...........-.-- 26 DN eee scestec 
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Tenthredo limacina= Eriocampoides limacina..:...............------- 26 
Termes flavipes. (See Ant, white.) 
lucijugus in “A merieds)..'. !\. 2 /aasqee ded tes auc ane eee 50, rev. 
Tetracha virginica, enemy of Leptinotarsa decemlineata..............- 
Tetramorium cxespitum, feeding on honeydew from A phis gossypii... 80 
general accoumte 320 3 bude, c eee 34, rev. 
TEMTe CIES Shae Wee a eae ere aye sale ei eiote. cee eee 34, rev. 
Tetranychws giopert, crema Ba 24 ee 8 ea le ee 65 
TOTO GTS be ie el vse as epee esti te ee oe 65 
Tetrastichus microgastri, secondary parasite of Pontia rapz.........-- 60 
scolyti, secondary parasite of Scolytus rugulosus.......-. 29,rev. 
spp., parasites of Dasyneura leguminicola............-..- 69 
ranthomelxnz, parasite of Galerucella luteola.........--- 8,rev. 
Texas, requirements relative to shipment of nursery stock.........- 75, rev. 2 
Thanasimus sp., enemy of Scolytus rugulosus..............----.----- 29,rev. 
Theobaldia incidens, distinctive characters of larva.................-- 
Thermobia domestica. (See Lepisma domestica.) 
furnorum. (See Lepisma domestica.) . 
Theronia melanocephala, parasite of Malacosoma americana.........- 98 
Thersilochus conotracheli, parasite of Conotrachelus nenuphar.......-- 73 
Thistle, flowers frequented by butterflies of Pontia rape..........-. 60 
food: plant of Diabroea tongicormis.. 0... dee 59 
Lepiinotarsa decemilineaiazns 22)... )n-s es eee 87 
Thorn, food plant of Malacosoma americana............--....-.----- 98 
SO PORE CTEUIIG: saa sme cla A el a kes ae 32, rev. 3 
white. (See Cratzgus oxyacantha.) 
Thorns foodeplants of Saperdacajididae sure ge ene 32,rev.3 
“Thousand legs,” colloquial name for Scwtigera forceps.............- 48 
Thrips; hy.drocyanic-acid gasias remediy,. ..5.)....-42-25--.-. Sees 46, rev. 
Inigreenhouses, TEMIECIES ae ese ee eeey AN ee ee 80 
onion. (See Thrips tabaci.) 
tabaci, the onion thrips, not found on tobacco in United 
1 a a re ae me end, Coe, SEEaeseyee, eae, rer) Mca, te OY wT 68 
i tobacco. (See Huthrips nicotian#.) 
wheat. (See Huthrips tritici.) 
Thrush, hermit, enemy of Leptinotarsa decemlineata..........-.-.... 87 
olive-backed, enemy of Leptinotarsa decemlineata..........- 87 
wood, enemy of Leptinotarsa decemlineata................- 87 
Thyridopteryx ephemerxformis. (See Bagworm.) 
Tibicen septendecim. (See Cicada, periodical.) 
Tick, chicken. (See Argas miniatus.) 
erroneous name for harvest mite or ‘‘chigger’’.................- We 
North American fever. (See Boophilus annulatus.) 
Timber. beetles, injury to girdled cypress. .-. 2.2. .-.-..-525-5--.e-00- 82 
Timothy, food plant of Leucania unipuncta..........--..-----+----- 4 
Mayetiola destructor or related species........ 70 
Linen pellionelia, getieral gecQuuat. <2) cic ne sigan fens ooae vie see sclera 3G, rev. 
TeMedies:. vss bk Se eee =. eels eee eee ey ye See 36, rev. 
Tineolaipisciiielta | SeneralvacecOun tes a sseane eee ee eee eee nee 36,rev. 
TEMECIES AG ORNS Noe ed Sei 36, rev. 
Titus, E. S. G., circular “The Cotton Red Spider ( Tetranychus 
glovert BS)? 2222.35, SRO See Se ke ee 65 
oad, enemysoferasshoppersee-ce2 see eee oe ee eee eee 84 
Leptinotarsa decemlineata...... ..- 3/26 eee).. = 87 
IMQUECOS OTHGNONICNICO NM eerie eee ea one eee 98 
Tobacco.against aphides, Gta Me sege i se al ete entice eae eee ae ee 37, rev. 2 
Apple purest ci dicc Suele Mee a cee emcee ete ae ee 
clothes amotisus yee ee SAL aes rae a 36, rev 
Common henWOuseswe Me Ae: =o oe eens hee eee 9 
fC OV OON DUP au kewa et areca Sian aes SNe ewer Seen aah ae 93, rev. 
gsreenhousenwihibe thy sees seer mere eee ane ae 57 
TMC LON APHIS: Hee IN Re ace la ete ee 80 
striped cucumber, pectlesease kaa ne eee 31,rev.2 
woolly aphissgl2. UIA eee nee eee « 20, rev. 
and soapsuds against “‘green bug”’...................------ 93,rev. 
budworms. (See Chloridea virescens and Heliothis obsoleta.) 
food ‘plant of Diabrotiew 1 2-punctata ssee0. 23. osc. ok oe eee 59 
GEE DSEIVLCOULOI Cae ae meee ee ee 68 
Leptinotarsa decemlineata. ..........222.--2-.- 87 
ineflective against nose-chafere. =e eseen ee oles eee eee ee eee 11,rev. 
Strawberry, weeviloasseccee sees aeeeeee 21,Tev. 
thrips. (See Euthrips nicotianz.) 
‘‘white veins” caused by Futhrips nicotiane............--- 68 
Tomato, food plant of Aleyrodes vaporariorum...........---.-------- { 37,Tev.2 
A DIS GOSSY DIES oink knew see nee Ne See 80 
Diabrovick 12=punchoide ace ee eee eee cen eee 59 
Leptinotarsa decemlimenigy ase 2. sae sees eee 87 
Tomatoes, fumigation with hydrocyanic-acid gas................--- 37, rev. 2 
Toroptera graminvum, Cireularsa. cms. bee he uw ae eee eee 93 J 
. 
experiments with remedies................---- 93,rev. 
TOMOGIOS «2 soon Fe wic dre 2 ete be once Came ee 7 
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irappine acaiishy Noli weevil...2 0 oo0 62. seo ot a eee 56 
CPUS RAGS iteers MORE Ree Gp ae er Se naere seth eben 51, rev. 
SQUSS DAWU oe se tsa 5 a3 fossa er SLO 39, rev. 
Trap crops against buffalo tree-hopper........-..-.-.--..-....--...- 
harlequin cabbage bug <5 (5-344. 5. p62. 10 
[SIGCSE iD ath SUS Oo US ie Ae Ee as aes re 12, rev. 
imported cabbage WoOrmils 222s ko ee 60 
THE OME MAIS Se eee eee ee eons | eee eels § 80 
FOSG-CHAlCi sneak osc eisemeeclnse coon se aes ete 11 rev. 
SURE AoE MINOR NE ee ee eee ae 21, rev. 
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Wheat, food plant of Macrodactylus subspinosus...........-.....-.-- 11, rev. 
MNEPRGCOTYNE CUEN Pa a = oo haa a nos eee es soe see 81 
; 85 
TOLOPLENCAQUAMIMUTI sz tse\- 22-2 ese 22 { 93, tev. 
grass, slender. (See Agropyron tenerum.) 
midge. (See Contarinia tritici.) 
thrips. (See Euthrips tritici.) 
varieties resistant to Hessian fly ........-....2.-..--2..-...- 12, rev. 
volunteer, destruction in control of Hessian fly............. 70 


Wheel bug. (See Arilus cristatus.) 

White fly, greenhouse. (See Aleyrodes vaporariorum.) 
hydrocyanic-acid gas as remedy.....-.-...-.------...----- 46, rev. 
orange. (See Aleyrodes citri.) 
strawberry. (See Aleyrodes packardi.) 


WHitt, G. F., circular, ‘‘The Cause of American Foul Brood’’...... 94 
‘White veins”? in wrapper tobacco the work of Euthrips nicotiane . 68 
Whitewash and carbolic acid against chicken mite.................. 92 
Willow, food plant of Chrysobothris femorata.......-..-.-.-------.-- 32, rev. 3 
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Pulvmanainnumeravilis..-..--.-..-5.--+-.-... 64 

mpirys My Ceres CUUMIUS). oe 22 oko tobe ba ewes dene: 23 


Wilt disease of cucurbits, cotton, and cowpeas, bacterial. (See 
Bacillus tracheiphilus and Neocosmospora vasinfecta. 

Window fly. (See Scenopinus fenestralis.) 

Wire gauze (see also Screen, wire). 


barriers against round-headed apple-tree borer.......... 32, rev. 3 

Wisconsin, requirements relative to shipment of nursery stock. ..... 75, rev. 2 
Witch-hazel, food plant of Malacosoma americana......-...--------- 98 
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Wood, seasoned, injury by powder-post beetles, circular............ 55 


Woops, ALBERT F., circular, ‘‘The Use of Hydrocyanic-acid Gas 
for Fumigating Greenhouses and Cold 
HERAT CS fn ee fe et oc ae a ans 37, rev. 2 
and Dorsett, P.H., circular, ‘‘The Use of 
Hydrocyanic-acid Gas for Fumigating 


3 Greenhouses and Cold Frames”’............. 37, rev. 
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_ Woolly aphis. (See Schizoneura lanigera.) 
apple louse. (See Schizoneura lanigera.) 


| ““Worms,”’ colloquial name for chestnut-weevil larve............... 99 

_ Wyeomyia smithii, distinctive characters of larva................---- 72 

Wyoming, requirements relative to shipment of nursery stock...... 75, rev. 2 
x. 


. Xanthium spp. (See Cocklebur.) 
Xanthosoma lindeni, fumigation with hydrocyanic-acid gas......... 37, rev. 2 
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Property of the United States Government. 
Circular No. 101. Fee Mea sates 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY. 
L. O. HOWARD, Entomologist and Chief of Bureau. 


THE APPLE MAGGOT OR “ RAILROAD WORM.” 
(Rhagoletis [Trypeta] pomonella Walsh.) 


By A. L. QUAINTANCE, 


In Charge of Deciduous Fruit Insect Investigations. 


Five important insect pests injure the fruit of the apple in the 
United States, namely, the coding moth (Carpocapsa pomonella .), 
the lesser apple worm (Hnarmonia prunivora Walsh), the plum cur- 
culio (Conotrachelus nenuphar Hbst.), the apple curculio (Antho- 
nomus quadrigibbus Say), and the species under consideration. 


‘HIG. 1.—Apple maggot (Rhagoletis pomonella) : a, Adult; b, larva or maggot; c, funnel 


of cephalic spiracle; d, puparium; e, portion of apple showing injury by maggots. 
a, b, and d, Hnlarged; c, still more enlarged; e, reduced. (Original.) 


The apple maggot, as the name implies, is the larva of a fly or 
dipterous insect, and belongs to the family Trypetide, which group 
contains numerous other fruit-infesting maggots,* some of them very 
serious pests, and, from their structure, mode of life, and feeding 
habits, very difficult of control. Apples injured or “ railroaded ” 
by the apple maggot show discolored winding burrows, or tracks, and 


®Anastrepha (Trypeta) ludens Loew., the so-called Mexican orange worm, is 
an enemy of oranges in portions of Mexico, infesting also the guava and mango, 
and A. acidusa Walk. infests the peach in the same country. Rhagoletis 
ribicola Doane infests currants and gooseberries in the United States, as does 
also Hpochra canadensis Loew. R. cingulata Loew has recently been found to 
be a cherry pest in this country, working in a way similar to the European 
cherry fly, Trypeta cerasi L. (signata Meig.). Ceratitis capitata Wied., the so- 
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cavities here and there in the flesh, and when infested with several 
larvee the pulp will be usually quite honeycombed with their burrows 
and more or less broken down into a yellowish mass, merely held 
together by the skin. (See fig. 1, e.) 


DISTRIBUTION AND DESTRUCTIVENESS. 


The apple maggot is a native American species, its natural food 
being haws (Crateegus), and in at least one instance it has been bred 
from crab-apples. Its feeding upon cultivated apples is thus an ac- 
quired habit, and although the insect has been reported from widely 
separated points in the central and eastern States, indicating its pos- 
sible general distribution, for some reason it does not attack the apple 
throughout its range, but only in certain localities and portions of the 
country. This circumstance is a fortunate one for the apple grower, 
and from a scientific standpoint is of much interest. Walsh thought 
it might be explained on the supposition of the development in the 
New England States, where its injuries to apples were first noticed, 
of a race of apple-infesting individuals, the descendants of which, 
with the acquired habit, have been gradually distributed to other 
localities. | : 

The apple maggot was described by Walsh in the American Jour- 
nal of Horticulture for December, 1867, pages 338-348, and also in 
the First Report of the Acting State Entomologist of Illinois, from 
flies from eastern apples and from Illinois haws. Adult specimens 
from this latter fruit had been secured by him some five or six years 
earlier, and in July, 1867, he reared flies from maggots infesting ap- 
ples from Connecticut, Massachusetts, and New York, and conclu- 
sively showed the identity of the insects infesting haws in Illinois 
with those infesting apples in the northeastern part of the United 
States. In the New England States mentioned, however, the species 
had been noted as an enemy of apple for some years before the time 
of Walsh’s description. By 1866 it was common in the Hudson River 
country, at North Hempstead, Long Island, in the Oneida commu- 
nity in New York State, at Hast Falmouth, Mass., and probably in 
Vermont, and it occurred in Connecticut.¢ 


called Mediterranean fruit fly, or Bermuda peach maggot, is widely distributed, 
infesting a considerable variety of soft fruits, as oranges, peaches, plums, 
pineapples, and bananas, but fortunately has not yet been introduced into the 
United States. In Europe Tephritis onoperdinis Fab. injures celery, and T. 
tryoni Froggatt seriously infests, in portions of Australia, bananas, peaches, 
oranges, etc., and another species of this genus (psidi Froggatt) in that country 
infests guavas. Trypeta muse Froggatt seriously injures bananas in the New 
Hebrides. Some of these species are very general feeders, and the greatest 
care should be exercised, especially in the case of the Bermuda peach maggot, 
that they be not introduced into the United States. 
@¥First Rept. Acting State Ent. Illinois, pp. 29-83 (1867). 
[Cir. 101] | 
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In 1881 the apple maggot was reported by Professor Comstock ¢ 
from Ithaca, N. Y., in apples, and was bred by him from Crategus 
at Washington, D. C. Professor Cook,’ in 1884, received specimens 
from Delavan, Wis., where it was reported as doing very great in- 
jury, and the year following, the insect was the cause of considerable 
loss in Ingham and adjoining counties in Michigan. 

Lintner,’ in 1885, gives the additional localities of North Ashburn- 
ham, Mass., Franklin and Schenectady, N. Y., and Brandon, Vt. Its 
introduction into Maine, as stated by Professor Harvey,’ occurred 
prior to 1882, by which time it had become well established, and by 
1899 occurred quite generally over the State. Its occurrence at Mont- 
clair, N. J., was recorded in 1889 by Mr. E. Williams, in Garden 
and Forest, page 527, and this locality is also given for the apple 
maggot by We J. B. Smith in his list of insects of New Jersey, page 
687 (1899). 

In 1894 Doctor Howard ¢ records the occurrence of the apple mag- 
got from Waynesville, N. C.,and Doctor Fletcher ‘ records its first ap- 
pearance in Canada, August 31, 1896,in apples from Adolphustown, 
Ontario. As stated by Professor ead: 9 it had become quite in- 
jurious by 1902, more than one-half of the crop having been destroyed 
in some ine in Prince Edward County. Progen Osborn,’ 
on the authority of Professor Hine, records its occurrence in north- 
western Ohio in 1904, and states that injured fruit comes on the mar- 
ket at Columbus, though perhaps from outside of the State. Doctor 
Chittenden ‘ notes that the apple maggot was unusually injurious in 
Ohio in 1908. By 1905 the insect eds extended its range in Canada, 
as shown by the records of Doctor Fletcher’ of its occurrence at 
Como and St. Hilaire, Quebec. The apple maggot is recorded from 
Minnesota by Professor Washburn,” and the records of the Bureau of 
Entomology show the additional localities of Dyberry, Pa., and 
Douglas, Mich. 

Numerous records of this Bureau, as well as published accounts, 
show that the insect 1s generally distributed throughout the greater 
part of the New England States, and that it is a very destructive 


@Rept. Ent. U. S. Dept. Agric., 1881-82, p. 196. 

® Rept. Mich. in Soc., 1884, p. 200. 

€ Second Report N. Y. State Ent., p. 121 (1885). 

@ Ann. Rept. Maine State Coll. Agr. Exp. Sta., es Pt: LIT, pp. 190- O41, 
Sinsecu, lite, / VoL, ps.2¢9: 

f Rept. Ent. and Bot. Exp. Farms Canada for 1896, p. 257 (1897). 
933rd Ann. Rept. Ent. Soc. Ont., p. 67, 1902 (1908). 

4 Bul. 46, Div. Ent. U. S. Dept. Agric., p. 88 (1904). 

* Yearbook, U. S. Dept. Agric. for 19038, p. 563. 

J Rept. Ent. and Bot. Exp. Farms of Canada for 1904, p. 238 (1905). 
& Bul. 98, Minn. Agric. Exp. Sta:, p. 118 (1905). 
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enemy to apples. The flies do not spread rapidly, and hence individ- 
ual orchards or certain varieties of apples may suffer severely, while 
those adjoiming may be little injured. Although the pest was bred 
from haws, in 1867, in Illinois, there has been but one record of its 
infesting apples in that State.¢ 


FOOD PLANTS. 


The natural food of the apple maggot is wild haw (Crategus), 
and probably several species are infested. It was bred from haws 
by Walsh in Ilinois, by Cook in Ulnois and Wisconsin, and by 
Comstock at Washington, D. C. Despite its supposed general occur- 
rence in the fruit of this plant, no further records of breeding from 
haws have been found, and Professor Harvey states that it was not 
found in haws in Maine. During the past three years the Bureau of 
Entomology has collected or received fruit of Crategus spp. from 
various parts of the country, but has not observed it to be infested 
with the apple maggot in any instance, and it appears quite doubtful 
if the distribution of the species is as general as is that of its native 
food plants. 

The early statements of the probable feeding of this species on crab- 
apple appear not to have been based on actual observations, and 
aside from Riley’s record of its occurrence on crabs,” no definite data 
have been presented to show that it infests this fruit. Professor 
Harvey thought it improbable that this fruit would be used, for the 
reason that it is quite green and hard during the period of flight and 
oviposition of the flies. The insect was found infesting plums and 
late cherries in northern Michigan, by Professor Cook,’ in 1889, 
though no additional records of its occurrence in these fruits have 
been seen. 

Of apples, sweet and subacid summer varieties are worst attacked, 
but fall and winter sorts are also infested, including distinctly acid 
varieties. Professor Harvey has prepared a list of apples showing 
their relative degree of infestation as observed by him in Maine 
during his careful study of the apple maggot.? 


4 Cordley, Orchard and Garden, 1889, p. 192. 
6Am. Agric., 1872, p. 263. 

¢ Second Ann. Rept. Mich. Agric. Exp. Sta., p. 1538. 
4 Loe, cit. 
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Varieties of apples known to be affected by Rhagoletis (Trypeta) pomonella.4 
Flavor. 
- Time of 
Variety. ee Sub- ean maturity. Remarks. 
acid 

ANIGRENTG TEL EN PE. ce re ee dt Autumn____. Sparingly infested. 
BitloOckacCAm Golden RUSSeh) 222 see ee teens een se ET ee SVVaInG eT ee Do. 
IESE NE SWC Gees 2 nee see 2 is as [eres caee a Ed ae (Osea. Do. 
JBROTCO AWAD Le abe ae Oe ee NU ee ae is ttetas 2 ll Sea aiegy ae stl aa One aau Do. 
IRONO Aes SS es CORN Oe oe eee Easeumas tee ese eae W Autumn____| Badly infested. 
OU eemerreeten weer ee ie i a SEs ll a = wt a Sell ee Summer____ Do. 
Cerne aeis al iwi eet Se Se + Winters2ar Sparingly infested. 
Caisneag ese een eee rs a a 8 Be ie See Aubin nea Do 
Ghiemans oe ess thee ee ee ee aa Sh ecco do Badly infested. 
COT Ar Es ee Oe ee eee Sees Se ct WT DAE: Coa |e sel (60) Mee eae Sparingly infested. 
ID ANIVeT: Sees nee eee ween Soe at VE oe SN BA A ee Wanitersaaas Do. 
LD DSTA Deg Se pe, a gan gre SL rie |= | Seem) ae a 0 ko acres Do. 
DEED Ve Sip pines sees wale BE Ee he ed aecon ny Bele | 8 oy FT dows Do. 
INE oS Eee ee eo 2 ne oe Peal se ig ae aoe eee Autumn_-___ Do. 
arlverlanviestesssecae 0! the el ERe 2 ST gh ll) Sota Speier GF Badly infested. 
Esopus (Esopus Spitzenburg)_________ 1S Se eet Se ct ng) ee ene Se Wiinitersssame Do. 
alikgennetingee pete 2-2 ee IT ee i Lee a /NTER UNIO Do 
IDENT) JEN oy oyiol i ee es ee Ep Al a eae Se aa do setae Sparingly infested. 
UCU TONUIGI DS = os eh eS ee Se en ee ea, ieee le Winters... Do 
Mranidinssiweet.-. 2.) 2 pee PE Ue Sh | ae Autumn____ Badly infested. 
GandenksRoyales 2 eh ee ee 525 SUA cs gl al Se ee eee dona 
Gold an ike see ee ee eee eee ray gene Oe ati ey ae eee Wanitersaaman ee infested. 
GoldentRusse tees aoe Tee eed cll || eae age aes doles Do 
GUEAVEN Stel Mera ete nee Bee Shy es TE) | Sia Sa | cee dows Badly infested. 
(Gp TTT GS Resear sree ten ON et Se ify sh No 2 leeds pines dove Sparingly infested. 
ERIS NEO DES Wieebaac ee ee a ee ks ennai lrasen seas Athan: 222, Badly infested. 
EMD Das LO Meee te ee ee es ton ee a a lege a Winitbersee Sparingly infested. 
JS hoe ofate oo OS ees ae en 2 ree = AN Ney aera e Autumn__-_-_. Badly infested. 
PIsheheachwenmes a rome nt shen ff igs. Be Ser Mn ieee efit |S DOs Pees Sparingly infested. 
AEN CUE e LBY270 SE eg i ae | en ie el eat eee iWalmiberaene a Badly infested. 
GINS SiGe Gr we ta OE es ee afemee s) | ewe metre tees ee Summer_-__-_ Do. 
WY ACV Siviee bs ee eat ee AE | ee & te) cee pa WiliniGereee sa Sparingly infested. 
Maiden g Bi Sie essere ee en oss [Sila ee eter ag Ne Autumn__-_-. Do. 
WIGS OO oe es ca ce IE fee AN COZEee Do. 
MO thereat eae MGR Ne oY Tear tes = Se Waiteree ae Badly infested. 
J pens Ko Nays =e ea A Se See ee CIES |, oe ales ee Summer___-_ Do. 
ING eViOtke Sweetie e- s es eee alt te | hee puri i a ne cepa ae ee donne Do. 
INOGENEENES yee emote et Oe is ee al Pee Sg a (eee Winters == | Do. 
Oldenbursr¢Duchess) =] te eee eee | + Autumn____| Sparingly infested. 
Teenie Riyi Gate Ae ee oA So hte 2. 5 | Ce Winter_____- Badly infested. 
JERR EAM ha C2) ee ele i eee ee sg) i aay al ee doses Do. 
LEER TENDS oh ae a Se ee ee eles, il Rey eee a) | ee dose = Sparingly infested. 
Ober ae ts a Te ee Se IE te! | ee ss tars Autumn____| Badly infested. 
OURGESIWeet see e sa ee ee a eye | ace ee |e Winter______ Sparingly infested. 
JeTen OND Hee wy es See ee ee Ee eae EEN a Wb he te Summer___- Do 
iRumpkingSiw eet. =-- ee eke Sakis VN BGR 2) ele ae en Autumn____| Badly infested. 
FR UES Le emerge Ae te Sl li ile es |) WV ioe Sparingly infested. 
[pedeAts Era cline ee ee eee ele rs AIL oe ee ni ars ae Summer____| Badly infested. 
RNOdenistandeG reenincsee se ee ee ee a Wien Sparingly infested. 
PROT YSGOL S| EUS S| || er GdoLa ee Do. 
TRG iS ere eae, Se ie eg ia (Fa SHE, “| Repke d end ps Ra dOQeeen. Do. 
Fell SSC lee neers eee ee ee aes ee Sw ces» «= Sena cd) Aen ae Badly infested. 
SHOOK ea oe a i ee a | SEY Malet ANOLON 5. Do. 
SOMICES Ch me weer ee ers See es PIE nes Zk aT || Sie aera Rae (OKO eta see Sparingly infested. 
SODSTOMWHNEs seme ea: eee eee ee ok TS,» | lien x Raoee Summer____; Badly infested. 
Ta ont td hoe Sa Ee eee eee eee ee Stee || Pies cyte ee Dee = 2 Ls dows: Do. 
IMPIMOG Mss Soe ee ee epee lL || Soe BS ee Wiinikeraaeee Do. 
Rem p killa SuKelae ee See ee SEE ey oh PS Se OW ee ret recs aN doves Sparingly infested. 
Vel EVa OUNCOn setae mae Wee eee ee Sl ye ils | Ee eee fe AN DURONTIO = 
VIA ENTE ennees ees LOM tye eee sa at SUE ie (| ELE a Winters 2a as 
WGN lt ee Se eS in eee Sant ee a eran dose Badly infested. 
Westfield (Seek-no-further)-_-_-------__|_------- BE aia tf | ew Ses ee ee 3 do 
ViGALIING WaT ee es ene eS A) ee ee ol aay |e eae Summer__-_-_ Do. 
WA TUELO DEG hee Mies eee ee wee ee 2 Slee ee ef ee de + Autumn__-_- Do. 
Mellow abCllA OwWieies 22 ts ee EE a ue cl i ae ee Winters -—- Do. 


@Names of varieties of apples have been corrected to agree with those given in ‘‘ No- 
menelature of the Apple,’ by W. H. Ragan. 


Agric. (1905). 


Bul. 


56, Bur. Plant Industry, 


The susceptibility to injury of the respective varieties mentioned, 
as observed in Maine, would not necessarily be true for other regions, 
but the list will serve to show that all classes of fruit are subject to 
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attack. Asa general statement, it may be said that the insect will be 
most destructive to summer and fall varieties, or to those varieties 
which are ripe or are approaching maturity during the period of 
principal activity of the flies. 


HOW THE INSECT SPREADS. 


It is not known whether the apple maggot has spread from the 
New England States, where its injuries were first noticed, to the sev- 
eral localities where its presence has been observed—as in Ohio, Wis- 
consin, Michigan, North Carolina, ete.—or whether the insect, al- 
ready present on haws, simply turned its attention to apples. The 
former view, however, appears the more probable, and its spread 
would have been readily brought about by the introduction of in- 
fested apples. In regions where the insect occurs in apples, a con- 
siderable amount of infested fruit will be barreled, the larve later 
deserting the fruit and forming puparia on the bottom of the barrel. 
In the ordinary course of commerce the insect would thus be intro- 
duced into new localities, often quite remote. In view of the extent 
of apple production in the territory which has long been infested 
with this species (1. e., the New England States), and the consequent 
almost certain dissemination of the apple maggot to various parts of 
the country, it is cause for much surprise that the insect is not much 
more generally and widely established as an apple pest. It is very 
probable that the insect has been introduced into most of the apple- 
growing regions in the United States and also into those of Europe 
and the Colonies, but for some reason has not established itself. 
Thus the insect has been frequently found in apples on the markets in 
Washington, D. C., though there is no evidence to indicate that it 
has become established in orchards in that vicinity. 

When once established in an orchard, its spread fortunately is 
usually very slow. It may confine its attack to a single tree, for two 
or three years, before spreading to adjacent trees of the same or 
other varieties equally subject to attack; and varieties seriously in- 
fested in one orchard may be exempt in another. The slowness of 
its spread from tree to tree and from one orchard to another has been 
commented upon by numerous workers. 

The flies in their habits are exceedingly local, apparently confining 
their attention to the trees upon which the previous generation devel- 
oped—in marked distinction to the spreading habits of many other 
insects. This habit is a very fortunate one for the fruit grower, and 
is of much practical importance in control, permitting great reduc- 
tion and possible extermination of the pests when infestation is lim- 
ited to but a few trees, and especially in localities but recently 
invaded. 

[Cir. 101] 
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DESCRIPTION. 


Egg.—tThe eggs of the apple maggot are quite small, varying from 
0.8 to 0.9 mm. in length by 0.2 to 0.25 mm. in width, fusiform, and 
light yellow in color as taken from the fruit. A short, broad pedicel, 
about one-twentieth the length of the egg, is found at the broader 
end, which end is darker and pitted with irregular hexagonal cells 
with raised lacerated borders for about one-fourth the length of the 
egg. (See fig. 2, a.) 

Larva.—tThe larva (fig. 1, 6) 1s footless, and when full grown is 
from 7 to 8 mm. long, with a width of from 1.75 to 2 mm., yellowish- 
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Fig. 2.—Rhagoletis pomonella: a, Egg; b, head of larva, showing chitinous hooks and 
framework within the head, and funnel-shaped spiracle; c, caudal spiracle; d, oviposi- 
tor, with which eggs are placed beneath skin of apple. All greatly enlarged. (0, ¢, 
After Comstock; a, d, after Harvey.) 

white in color, at times tinged with greenish. The body is composed 

of 14 segments, widest across the ninth, tenth, and eleventh, and 

sloping gradually backward, and more rapidly toward the head end. 

The caudal end is truncate, and on the lower portion of the anterior 

end (first segment) is a pair of black, curved, parallel hooks, attached 

to a chitinous framework within the head, the hooks being used to 

rasp the pulp in the liberation of juice for food. <A pair of spiracles 

occurs on the dorsal surface on each side at the juncture of the first 
[Cir. 101] 
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and second segments (fig. 2, 6) and a pair on the sloping surface of 
the caudal segment. The spiracles on the cephalic end have funnel- 
shaped mouths, the funnel being bordered with a double row of about 
20 projections. The caudal spiracles each show 3 transverse slit-like — 
openings and 4 groups of bristles. (See fig. 2, c.) | 

Pupa.—tThe pupa is a small, barrel-shaped structure, pale yellow- | 
ish-brown in color, measuring about 4.2 to 5.2 mm. in length, with a | 
width of from 2 to 2.6mm. The larva in pupating does not shed its 
skin, but simply contracts, assuming an oval form, causing the 
cephalic spiracles to project in front as tubercles. Although the cau- 
dal end also shrinks, the spiracles are still visible, as are also the body 
segments of the larva. The true pupa is formed within the larval. 
skin... (See, dig. vA, *d:) 

Adult.—The parent of the apple maggot is a two-winged fly (fig. 
1, a), somewhat smaller than the house fly, of a general black color, 
with yellowish head and legs, greenish eyes, and dark feet. In the 
male there are 3, and in the female 4 white bands across the abdomen. 
Across the wings of both sexes are 4 black bands as shown in the fig- 
ure. The females are from 5 to 6 mm. in length, with a spread of 
wings of about 12.15 mm. The males are somewhat smaller. 


LIFE HISTORY AND HABITS.” 


There is but one generation of the apple maggot each year, though 
the occurrence of maggots in the fruit during the summer and 
autumn, due to the great irregularity in time of appearance of the 
flies, is calculated to mislead those not familiar with the insect’s life 
history. The time and appearance of the adults is thought to be 
influenced by the date of the ripening of the fruit which they in- 
fested the previous season, though this supposition has not been 
established. During an ordinary season in Maine, the flies will 
begin to appear and will be ovipositing about July 1, and earlier in 
the States to the south. By the middle of July, in Rhode Island, 
during an average season, as stated by Profs. F. W. Card and A. E. 
Stene, early varieties subject to attack will show many of the egg 
punctures of the females. 

Flies have lived in confinement for three weeks, and out of doors 
the period is doubtless somewhat longer. The female makes punc- 
-tures through the skin of the apple by means of her sharp ovipositor 
(fig. 2, d@), inserting the eggs singly into the flesh in a vertical posi- 
tion. Oviposition may occur on any part of the fruit, though mostly 
on the side and especially on the paler portions, where the apple has 


“The apple maggot was carefully investigated in Maine by the late Professor 
Harvey, and his Report (1. ¢.) has been largely the basis of the present article. 
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been protected from the sun by the foliage. An individual female 
is capable of producing from 300 to 400 eggs, egg laying continuing 
throughout her life. About one-half minute is occupied in the act 
of depositing a single egg, and the characteristic brownish speck left 
by the ovipositor can, upon close examination, be detected by the un- 
aided eye, and resembles the brownish rusty spots occurring normally 
on some varieties. These egg punctures may be best observed, how- 
ever, with a hand lens, and are then seen to be oblong or circular 
holes, with the surrounding border brownish and somewhat shrunken. 
In four or five days, under favorable conditions, the egg hatches and 
the minute footless maggot begins to feed on the pulp of the fruit. 
Although the larva is without true opposable jaws, it is provided 
with two hooks on the head above the mouth by which the pulp is 
rasped loose, the larva drawing into the mouth the juices thus lib- 
erated. The pulp which is not eaten soon turns brown and renders 
the burrows through the flesh more readily visible. The larva, in 
its feeding, channels here and there through the flesh, sometimes 
burrowing for a distance just under the skin, the brownish trail in 
light-skinned varieties appearing as a linear bruise. 

The rate of development of the larve conforms to that of the fruit, 
and the larve do not mature until the fruit is ripe. Early appearing 
flies attack the summer varieties, and those appearing later infest 
fall and winter sorts. Their development is checked by cold, and 
they are apparently able to exist for a considerable time in a prac- 
tically stationary condition until the maturity of the fruit permits of 
their further growth to maturity. 

Apples at gathering time may show no exterior indications of in- 
festation, yet when cut open will be found thoroughly burrowed and 
honeycombed by the larve; or the apparently sound mature fruit may 
be so infested with the small, inconspicuous larve and eggs that it 
may be soon destroyed after storing. The work of a single maggot 
will injure the value of the fruit, though a dozen or more may often 
be present. Under favorable conditions of temperature and in ripen- 
ing fruit, the maggots will become full grown in four or five weeks. 
The larve mature as the fruit is ripe, and leave this after it has fallen 
to the ground, as no exit holes have been noticed in fruit on the trees. 
In deserting the fruit a hole is made through the skin and the larva 
burrows an inch or less below the surface of the soil, or on sod land 
probably pupates around the roots of the grass; or sometimes the 
pupal stage is entered on the surface of the ground under the de- 
ceayed fruit. In fruit in barrels, in storehouses, etc., the larve 
pupate on the bottom of the receptacle, and the puparia are often 
very numerous in such places. The insect remains in the pupal stage 
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until the following summer, the adult fly appearing early or late, 


depending apparently on whether the larve infested summer, fall, or 


winter fruit. 


INSECTS WHICH MAY BE MISTAKEN FOR THE APPLE MAGGOT. 


There will often be found in apples partly or wholly decayed, as 
from the work of the apple maggot or other causes, larvee which 


might very readily be mistaken for those of the species under consid- 
eration. Principally the larve of two kinds of flies will thus be 
found, namely, the vine-loving pomace fly (Drosophila ampelophila 
Loew)—a small clear-winged, red-eyed fly—and the pretty pomace 
fly (Drosophila amena Loew), similar to the former, but with black 
spots on the wings. These insects are of interest as likely to be mis- 
taken for the apple maggot and hence the cause of needless alarm. 
They are of little economic importance, though undoubtedly hasten- 
ing the decay of fruits. 


PREVENTIVE MEASURES. 


The apple maggot has proved to be an unusually troublesome in- 
sect to combat successfully. The eggs are deposited beneath the skin 
of the fruit, within which also the larva feeds until full grown. The 
pupal stage is passed just under the soil, or around the roots of grass 
in sod land, and the flies do not feed in a way to permit of their 
destruction. Spraying with arsenicals, so effective against the codling 
moth or apple worm, is for this pest quite useless. 

The insect, however, may be attacked in two important ways. As 
stated, the larve do not leave the fruit until the latter has ripened 
and fallen to the ground. The prompt gathering and destruction of 
the windfalls, before they are deserted by the maggots, would serve 
to keep the insects greatly reduced, amounting to practical extermina- 
tion if thoroughly carried out. This practice has long been recom- 
mended by entomologists, and comprises the most effective measure 
of controlling the pest at present known. Greatest benefit will come 
from the practice when carried out uniformly by the orchardists of a 
community. Allowing the wormy fruit to decay on the ground is 
most favorable to multiplication of the apple maggot. Orchardists 
having this pest to contend with should arrange to destroy the in- 
fested fruit promptly after it falls, and this may be accomplished in 
whatever way is most practicable under individual conditions. 

Picking up the fruit by hand will often prove feasible and can be 
done by children, but great care is necessary that the work be done 
thoroughly. The gatherings should be made daily if possible, or at 
least every two or three days. The fruit may be fed to stock, taking 
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‘care that any excess not at the moment needed be stored in tight 
boxes or receptacles so that any larve deserting the fruit will be 
forced to pupate on the bottom of the container, where later they may 
be destroyed. When the drop fruit is not needed for the stock, it 
“may be simply thrown into a hole or holes here and there in the 
orchard, to be finally covered with 2 or 3 feet of earth in the late fall 
after frosts have occurred, to prevent the escape of flies the following 
season. The work of gathering need not be begun until the first ripe 
windfalls of the early varieties are found, but should be kept up from 
this time until all the fruit has been harvested. 

Orchards may often be pastured with sheep, hogs, or cattle, in a 
way to insure the destruction of the windfalls, and this practice is 
recommended as the cheapest and most satisfactory method of deal- 
ing with the apple-maggot problem. Orchards may be permanently 
pastured or the stock turned in daily in sufficient numbers and at 
times to accomplish the desired consumption of the fallen fruit. This 
practice will be especially useful in commercial orchards, and, where 
infestation from adjacent orchards is not great, will insure practically 
clean fruit. 

Plowing and cultivation of orchards would appear to be a useful 
practice in the control of this pest, and these methods have been 
more or less recommended for some years. Careful experiments in 
Rhode Island on the value of such work have recently been reported 
by Professors Card and Stene. Puparia of apple maggots were 
placed at different depths in the soil, ranging from 1 to 6 inches, to 
approximate conditions resulting from plowing to bury the pupa, but 
this was found to have little effect in preventing the escape of flies, 
and the conclusion was reached that spring plowing of orchards to 
turn under the pupe was valueless, under the soil conditions which 
there obtained. 

It is thought, however, that frequent tillage of the orchard in early 
summer may be unfavorable to the development of the pupe to 
flies, and experiments made in 1904 by Messrs. Card and M. A. 
Blake ® with pupze placed in boxes in which the soil was frequently 
stirred, resulted apparently in their complete destruction. More ex- 
tended and conclusive experiments along these lines are urgently 
needed. Aside from its possible value in destroying the apple maggot, 
frequent tillage of orchards in late spring and early summer is de- 
sirable, especially for young trees, as favoring a better tree and fruit 
development. | 


@ Seventeenth Ann. Rept. R. I. Agr. Exp. Sta., Part II, p. 191 (1904). 
®’ Highteenth Ann. Rept. R. I. Agr. Exp. Sta., Part II, p. 197 (1905). 
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Much infested fruit goes to market, or is stored at home for future 
consumption. The refuse from such fruit should always be de- 
stroyed, and the barrels and boxes in which the maggots have pupated _ 
upon leaving the fruit should be treated in such a way as to insure 
the destruction of the pup. The floor of storerooms should also be — 
carefully swept, and the sweepings collected and burned. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


Wasuineton, D. C., March 27, 1908. 
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CIRCULAR No. 102. 


Issued May 20, 1908. 


United States Department of Agriculture, 
BUREAU OF ENTOMOLOGY. 
L. O. HOWARD, Entomologist and Chief of Bureau. 


THE ASPARAGUS BEETLES. 


By bo: CHIrreNnDEN, 


Entomologist in Charge of Breeding Experiments. 


INTRODUCTORY. 


Asparagus was introduced into this country with the early settlers 


from Europe, and is credited 
with having been cultivated 
here for two hundred years 
before being troubled with 
insects. 

Several species of native 
American insects have been 
observed to feed upon this 
plant, but none, so far as we 
know, has become sufficiently 
attached to it to cause se- 
rious injury. Few of our 
edible plants, in short, down 
to the time of the civil war 
have enjoyed such immunity 
from the ravages of insects. 

In the Old World two in- 
sects, called asparagus bee- 
tles, have been known as 
enemies of the asparagus 
since early times. In the 
vear 1862 one of these insects, 
the common asparagus beetle 


(Crioceris asparagi Vl.) was’ 


the occasion of considerable 
alarm on asparagus farms in 
Queens County, N. Y., where 
it threatened to destroy this, 


Fic. 1.—Spray of asparagus, with common as- 
paragus beetle in its different stages; aspara- 
gus tip at right, showing eggs and injury. 
Natural size (author’s illustration). 


one of the most valuable crops grown on Long Island. Subsequent 


4QOther accounts of these insects have been published in earlier years, as 
follows: Yearbook U. S. Dept. Agric. f. 1896 (1897), pp. 341-352; Bul. 10, Div. 
Ent., U. S. Dept. Agric., pp. 54-59, 1898; Bul. 66, Pt. I, Bur. Ent., U. S. Dept. 


Agric., pp. 5-10, 1907. 
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inquiry developed the fact that the species had begun its destructive 
work at Astorra, near New York City, in 1860, where, it is now 
conceded, it was introduced about 1856.4 

In 1881 another European importation was detected on asparagus 
near Baltimore, Md.—the twelve-spotted asparagus beetle (Crioceris 
duodecimpunctata L.), sometimes called the “red” asparagus beetle 
to distinguish it from the “ blue” species. 3 


THE COMMON ASPARAGUS BEETLE. 
(Crioceris asparagi 1...) 


From the seat of its introduction at Astoria, N. Y., the common 
asparagus beetle soon spread to the asparagus farms of Queens 
County, N. Y., and by 1862 was reported to have occasioned the loss 
of over a third of the crops in certain localities, 
the loss being estimated at $50,000. 

Injury is due to the work of both adults and 
larvee upon the tender shoots, which they render 
unfit for market early in the season. Later they 
destroy by defoliation the high-grown plants, 
particularly seedlings, the roots of which are 
weakened by having their tops devoured. The 
larvee are sometimes so abundant that the black 
molasses-like fluid which they emit from their 


Fic. 2.—Common as- : A 
paragus beetle (cri. Mouths soils the hands of those engaged in bunch- 


oceris asparagi): a, ino the stalks for market; and the eggs are some- 
Dark form of bee- : 3 ; ne 
tle: b, light form. times laid upon the stalks in such numbers that 


Enlarged (author's the latter are rendered unsightly and even slip- 


illustration). ° 
pery by their presence. Larve, as well as beetles, 


attack the tenderest portions of the plants, but the beetles gnaw with 
seemingly equal relish the epidermis, or rind, of the stems. The 
beetles are also accused of gnawing young snoots beneath the surface, 
causing them to become woody and crooked in growth. 

In some localities it is in establishing new beds that the greatest 
trouble and expense are incurred. The plants must grow a year as 
seedlings and two more in the beds before being cut for table use, and 
during these three years they are constantly exposed to the attacks of 
this insect. 

The beetle is a beautiful creature, slender and graceful in form, 
blue-black in color, with red thorax, and with lemon-yellow and 


“The capture of this species was recorded early in the past century in Penn- 
sylvania—-presumably near Hanover—and again in the vicinity of Chicago and 
Rock Island, I1]., about ten years after the discovery on Long Island; but, as the 
insect did not obtain a permanent foothold, but died out in these localities, 
these importations can not be considered introductions. 
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lark-blue wing covers having a reddish border. A common form 
about the District of Columbia is illustrated in fig. 3, a. Farther 
4orth the prevailing form is darker, the lighter coloring sometimes 
showing only as a reddish border and six small submarginal yellow 
‘spots (fig. 2, a). An extreme, light form not uncommon in the south- 
arn range of the insect is shown (fig. 2, b) for comparison. The 
length is a trifle less than one-fourth inch. 


t 
HISTORY OF SPREAD. 


From the scene of its first. colonization in Queens County, the 
insect migrated to the other truck-growing portions of Long Island. 
It soon reached southern Connecticut, and has now extended its range 
northward through that State and Massachusetts to the State line of 
New Hampshire. Southward it has traveled through New Jersey, 
where it was first noticed in 1868, eastern Pennsylvania, Delaware, 
and Maryland to southern Virginia and North Carolina. 

Its distribution by natural means has been mainly by the flight of 
the beetles. Undoubtedly, also, the beetles have been transported 
from place to place by water, both up and down stream by rising 
and falling tide, as the fact that it has not until recently deviated far 
from the immediate neighborhood of the seacoast and of large water 
courses near the coast bears abundant testimony. 

Another reason for the prevalence of this species in these localities 
is that asparagus was originally a maritime plant and has escaped 
from cultivation and grown most luxuriantly in the vicinity of bodies 
of water. It is well known that it is usually upon wild plants that 
these insects first make their appearance in new localities. There is 
evidence also that their dissemination may be effected by what Doctor 
Howard has termed a “commercial jump,” either by commerce in 
propagating roots, among which the insects may be present either 
as hibernating beetles or as pupe, or by the accidental carriage of 
the beetles on railroad trains or boats. 

By some such artificial means the asparagus beetle had found its 
way to northwestern New York, between Rome and Buffalo, and to 
Ohio, between Cleveland and the Pennsylvania State line. During 
1896 its course was traced along the Hudson River above Albany. 
Inquiry concerning the Ohio occurrence disclosed the fact that the 
plants in one locality were brought from New York. The presence 
of this insect in eastern Massachusetts at about the same time was in 
hike manner probably due to direct shipments of roots from infested 
localities to Boston and vicinity. 

It is noticeable that up to this time its inland spread, except in the 


neighborhood of water, had been extremely limited. 
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DISTRIBUTION IN 1908. 


This species is present now in what is known as the Upper Austral 
hfe zone, although in certain points in New England it has located 
in what is considered the Transition zone. Its course up the Hudson 
River lies within a rather narrow strip of Upper Austral. In all 
probability it is destined in time to overspread the entire Upper 
Austral zone and to make its way to some extent into neighboring 
areas in which it may find conditions for its continuance. 

Its distribution in Massachusetts, though wide, is local. In New 
Hampshire it has been recorded from Nashua and Portsmouth. It 
is possible that in a few years it may be able to encroach slightly upon 
the bordering States of Vermont, in the vicinity of the Connecticut 
River Valley, and Maine, near the New Hampshire seaboard. It is 
well established in Connecticut, occurs in Rhode Island, and is gen- 
erally distributed through New Jersey, Delaware, and Maryland, 
and in southeastern Pennsylvaria near the Delaware River. It was 
predicted by the writer that, although this species in 1896 was still 
local in New York and Ohio, we might expect within a few years 
to hear of its invading other portions of those States lying within 
the Upper Austral zone; Canada, of which there is a strip of 
Upper Austral bordering the northern shore of Lake Erie; and, 
later, Indiana, Illinois, Kentucky, and States farther west. By 
1897 the species had occupied the strip bordering the southern shore 
of Lake Erie, being recorded from nine counties of eastern Ohio. 
The following year it was noticed in western Virginia. In 1898 it 
was reported from Benton Harbor, Mich., where, however, it had 
been present since 1896. By 1899 it had appeared in Canada in the 
Niagara River region and was accompanied by the twelve-spotted 
species. The insect obviously received more or less severe setbacks in 
succeeding years, but by 1904 the common form was observed about 
Toronto, Canada, and about 4 miles west of Chicago, Ill. It has 
now become very generally distributed in the asparagus-growing sec- 
tions of New York State, having reached Glens Falls, its northern- 
most recorded limit in the United States. In Ohio the species has 
been established near Columbus since 1903, and near Cincinnati since 
1905, but has not been reported from Kentucky or Indiana, although 
it has probably invaded the latter State. 

In 1904 the occurrence of this insect at Bouldin Island, California, 
was reported, but the following year it could not be found. Its dis- 
appearance was attributed to the fact that the island had been flooded, 
causing the death of the pest. In 1906, however, the beetle was 
reported in abundance near Oakley, Cal. 

In North Carolina the species is well established in the east-central 
part, including portions of Wake, Wayne, Warsaw, and Duplin coun- 
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ties. The species has also been reported in Wisconsin, but nothing 
_has been learned regarding its actual distribution in that State. 


a 
HABITS AND LIFE. HISTORY. 


The common asparagus beetle passes the winter in the adult state 
-under convenient shelter, such as piles of rubbish, sticks, or stones, 
| or under the loose bark of trees and fence 
posts. Toward the end of April or in May, 
according to locality, at about the season for 


Fic. 3.—Common asparagus beetle (Crioceris asparagi): a, Beetle; b, egg; c, newly 
hatched larva; d, full-grown larva; e, pupa. All enlarged (author’s illustration). 


‘cutting the asparagus for market, the beetles issue from their hiber- 
nating quarters and lay the eggs for the first brood. 

The egg is very large in proportion to the beetle, being nearly a 
sixteenth of an inch in length, and of the elongate-oval form ilus- 
trated at b (fig. 3). It is nearly three times as long as wide and of a 

dark-brown color. The eggs are deposited endwise upon the stem or 
foliage and in early spring on the developing 
stalks, usually in rows of 2 to 7 or more (fig. 4). 
In from three to eight days the eggs hatch, 
the young larve, commonly called “ grubs” or 
“worms,” presenting the appearance indicated 
in fig. 3, ¢. The head of the newly hatched larva 
is large, black, and bead-like; its body is gray; 
and its three pairs of legs, black. It at once be- 
gins to feed, and is from ten days to a fortnight, 
according to Fitch and others, in attaining full ae ee eee 
size. When full grown the larva appears as in asparagi) on asparagus 
fig. 3, d. It is soft and fleshy, much wrinkled, ene peeks aca 
and of a dark gray or olive color, sometimes light, 
but not infrequently very dark. The head is shining black, as are also 
the six legs. Each segment is provided with a pair of foot-lke tuber- 
cles, which, with the-anal proleg, assist it in crawling and in chnging 
to the plant. The mature larva enters the earth, and here, within a 


little rounded, dirt-covered cocoon which it forms, the pupa state is 
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assumed. The pupa is yellowish in color, and its appearance is suffi- 
ciently shown by the illustration (fig. 3, ¢). In five to eight or more 
days the adult beetle is produced, which in due time issues from the 


ground. a 
THE LIFE CYCLE. 


Of the duration of the life cycle Fitch has remarked that it is about 
thirty days from the time the egg is laid until the insect grows to 
maturity and comes out in its perfect form, but that the time will be 
shorter in the hottest part of the season then in the cooler days of 
May and June. These periods are for Long Island. | 

During a hot spell in midsummer the minimum period of omnia 
and of the pupa stage was observed at Washington, D. C. Eggs that © 
were laid on the 5th of August hatched on the 8th, or in three days. _ 
A larva transformed to pupa on August 4 and to adult August 9, or 
in five days. Allowing ten days as the minimum credited period of | 
the larval stage, a day or two for the larva to enter the ground and 
form its cocoon, and two or three days more for the beetle to mature | 
and leave the earth, the insect is again ready to attack its food plant 
and to continue the reproduction of its kind in about three weeks 
from the time that the egg is laid. 

This may be fairly alee to represent the minimum midsummer 
life-cycle period of the species in the District of Columbia and south- 
ward. In the colder climate of New England, and elsewhere in spring 
and autumn weather, the development from egg to beetle will require 
from four to perhaps seven weeks. The hibernating beetles appear 
in the latitude of the District of Columbia as early as April, and 
beetles of a later brood have been observed in abundance in October 
as far north as northern Connecticut. In its northern range two and 
perhaps three broods are usually produced, and farther south there 
is a possibility of four or five generations each year. 


es 


Ss 


NATURAL CHECKS. 


The common asparagus beetle has very efficient natural checks in 
the shape of predaceous insects of many kinds, which prey upon its 
larve and assist very materially in preventing its increase. One of 
the most efficient of these is the spotted ladybird, J/egilla maculata 
DeG. The beetle is rose-colored, with numerous black spots. The 
convergent ladybird (/Zippodamia convergens Guer.), the spined 
soldier-bug (Podisus maculiventris Say), and the bordered sol- 
dier-bug (Stiretrus anchorago Fab., fig. 5) are also active de- 
stroyers of asparagus beetle larve, which they attack and kill by 
impaling them upon their long proboscides and sucking out their 
juices. Certain species of wasps and small dra etakai also prey 


upon the asparagus beetle grubs. Two of the most abundant of. 
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these are Polistes pallipes Lep. and [schnura (Nehalennia) posita 
Hagen. These insects hover about the infested plants until a larve 
is descried, when they pounce upon it and carry it away. 

Asparagus beetles are very susceptible to sudden changes of tem- 
perature, and it has been frequently noticed by Mr. C. W. Prescott, of 
Concord, Mass., that immense numbers of the hibernating beetles are 
killed in winter during severely cold spells following “ open ” weather, 
millions of their dead bodies being sometimes found under bark and 
in other hiding places. 

The intense heat that prevailed at times during the summer of 1896, 
especially during the first two weeks of August, though conducive to 
the undue propagation of some forms of insects, had the opposite 
effect upon certain species that feed in the larval condition freely ex- 
posed upon the plants. In the vicinity of the District of Columbia 
this was particularly noticeable in the case of the larvee of this aspara- 


Bordered soldier-bug (Stiretrus anchorago) : a, Adult bug; b, last stage 
of nymph. Both enlarged (author’s illustration). 


BiG: 15: 


gus beetle. Its eggs also seemed to be dried up by the heat. What 
with the decimation caused by their natural enemies and the heat, 
scarcely a beetle or larva was to be found that year after the last of 
August. 

REMEDIES. 

Fortunately, the common asparagus beetle is not difficult of control, 
and ordinarily may be held in restraint by the simplest means. 

Iand-picking 1s of value in small beds but must of necessity give 
way to more approved methods for the vast numbers of the beetles 
that concentrate their forces upon the large areas devoted to this 
crop in the suburbs of our large cities. 

Chickens and ducks are efficient destroyers of asparagus beetles, 
and as they do no injury to the plant their services are still in requi- 
sition for this purpose at the present day. 

[Cir. 102] 


8 : 


Cultural practices.—A practice in high favor among prominent 
asparagus growers is to cut down all plants, including seedlings and 
volunteer growth, in early spring, so as to force the parent beetles to 
deposit their eggs upon new shoots, which are then cut every few days 
before the eggs have time to hatch for the first new brood. 

Other measures that have been employed with advantage consist in 
cutting down the seed stems after the crop has been harvested, and 
again once or twice during the cutting season, or in permitting a por- 
tion of the shoots to grow and serve as lures for the beetles. Here 
these may be killed with insecticides, or the plants, after they become 
covered with eggs, may be cut down and burned, and other shoots 
allowed to grow up as decoys. The trap plants should be destroyed 
as often as once a week. 

With concerted action on the part of growers in following out any 
of these last methods the insects may be held in check, at least in 
a region where asparagus does not grow wild in too great profusion. 
Where this is not practicable, insecticides must be brought into sery- 
ice. It is well in any case to employ insecticides after the cutting 
season, since if the insects are destroyed at this time their numbers 
will be lessened for the next year. 

Lime.—One of the best remedies against the larvee is fresh, air- 
slaked lime, dusted on the plants in the early morning while the dew 
is on. It quickly destroys all the grubs with which it comes in 
contact. 

Pyrethrum is credited with being useful, and a mixture of soft 
soap, quassia decoction, and water (about equal parts of the first two 
to 5 of the last named). is effective against the larve; but these 
remedies hardly commend themselves for extensive use. 

Arsenicals—The arsenicals, apphed dry mixed with flour, as for 
potato beetles, answer well; they possess the advantage of destroying 
beetles as well as grubs, and are of value upon plants that are not 
being cut for food. Some use a mixture of Paris green and air- 
slaked lime, or plaster, 2 pounds of the former to a barrel of the 
latter. To produce satisfactory results the lime or arsenical must 
be applied at frequent intervals, or as often as the larve reappear 
on the beds. 

Arsenate of lead has given excellent results. This insecticide has 
come into very general use in recent years for the control of leaf-feed- 
ing beetles, such as the potato beetles and asparagus beetles. In Con- 
necticut Dr. W. E. Britton tested it on asparagus, spraying the plants 
from all four sides in succession because of the slight leaf exposure 
as compared with most other forms of plants. Good results followed. 
The same amount of benefit should be accomplished with scarcely 
greater expense by spraying from opposite sides and repeating this 
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before the beetles of the last generation develop or at least in time 
to destroy them before they get into winter quarters. In Pennsyl- 
vania Prof. H. A. Surface made a comparative test of the value of 
Paris green and arsenate of lead, learning that not more than 50 
per cent of the insects were killed when Paris green and lime were 
used, while 90 per cent were killed with arsenate of lead. In a third 
experiment, in which resin soap was added to make the latter insecti- 
cide adhere more closely to the plants, all of the insects were killed on 
50 plants treated. In this case the arsenate of lead was used at the 
rate of 1 pound to 24 gallons of water, and 2} pounds of resin soap 
was added to render the mixture more adhesive. 

In the North, where these experiments were made, they were begun 
the first of June. Arsenate of lead has been used with satisfactory 
results on asparagus at the rate of 1 pound in 16 gallons of water, 
but some additional experiments are necessary to ascertain the exact 
amount of the poison that can be used economically to produce the 
required result. In ordinary weather a second spraying of arsenate 
of lead with a resin soap added is desirable, especially if rainfall 
intervenes. 

More specific information in regard to the method of preparing 
and applying arsenate of lead is given in Circular No. 87, which may 
be obtained gratis on application. 

Everything considered, injury by this species is most noticeable 
when the beetles are working on the asparagus tips at the time they 
are being cut for food or market, as more fully described on page 2. 
It is, of course, impossible to apply arsenicals to the edible product 
owing to the danger of poisoning human beings. About all that can 
be done at this time is to cut as frequently as possible, but after the 
cutting season is over the arsenicals may be freely used in accordance 
with the directions already given. 

The brushing method.—A simple and inexpensive method of kill- 
ing the larvee in hot weather is to beat or brush them from the plants 
with a stick so that they will drop to the bare ground. The larve 
are delicate creatures, and, as they crawl very slowly, few are able 
to regain shelter of the plants, but die when exposed to the heated 
_ earth. The same method is in use against the pea aphis. 


THE TWELVE-SPOTTED ASPARAGUS BEETLE. 


(Crioceris duodecimpunctata L.) 


A rarer, and consequently less injurious species than the pre- 
ceding is the twelve-spotted asparagus beetle. It is generally dis- 
tributed in Europe, where it is apparently native and, although 
common, not especially destructive. Like the preceding, it lives ex- 
clusively on asparagus, and the chief damage it does is due to the 
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depredations of the hibernated beetles in early spring upon the young 
and edible asparagus shoots. Later generations attack the foliage, 
living, for at least a considerable portion of the larval stage, within 
the ripening berries. 


INTRODUCTION AND SPREAD IN THE UNITED STATES. 


The presence of this insect in America, as has been stated, was first 
discovered in 1881, and in the vicinity of Baltimore, Md. This 
beetle was noticed in considerable numbers from the first, showing 
that it had probably been introduced several years earlier. At that 
time it was quite local, occurring only at the mouth of the Furnace 
Branch of the Patapsco River at a point a few miles south of Balti- 
more. It was then seen only on volunteer asparagus growing on the 
salty margin of this river, although beds of cultivated asparagus were 
plentiful in the immediate vicinity. Two years later it had proved 
even more troublesome than the common asparagus beetle. 

Assuming Baltimore to have been the original center of distribu- 
tion, the twelve-spotted asparagus beetle has been traced southward 
through Anne Arundel and Prince George counties to the District of 
Columbia, where it was detected five years from the time of its first 
discovery. 

In 1892 it was reported to have appeared in considerable numbers 
on asparagus stalks that had been cut down upon a farm in Carroll 
County, Md. The same year its appearance was announced in Glou- 
cester County, in southern New Jersey, and the following year in 
Cumberland and Camden counties of the same State. To have 
reached these points the insect, obviously, had traversed the inter- 
vening territory in Maryland, the northern half of Delaware, and 
Salem County, N. J. It was also found to have reached Virginia, 
near Washington. In 1894 it had extended northward to Burlington 
County, N. J., and westward to Philadelphia County, in Pennsyl- 
rania. The same year it was detected in Queen Anne County, Md., 
and near Rochester, N. Y. Two years later it established itself in 
Charles County, Md., and had penetrated as far south in Virginia 
as Westmoreland County. 

In May, 1896, a serious invasion was reported in Prince George 
County, Md., where the beetles attacked the young shoots, gnawing 
off the heads as soon as they showed above ground, thus entirely unfit- 
ting the crop for market. 

Nearly every year since, it has been reported in new localities in the 
United States and Canada until now it is well distributed westward 
and northward. In 1898 it had become generally distributed in New 
Jersey “south of the shale from the Atlantic coast to the Delaware.” 
Next year it was recorded in twelve counties in New York as far west 
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‘as Buffalo and in the following years generally throughout New York 
State, as also in the Niagara district in Canada. 

An interesting fact in the occurrence of the asparagus beetles in the 
Niagara peninsula was that the two species arrived almost simulta- 
neously and that the twelve-spotted form was the dominant one. By 
1902 the latter had ap- 
peared in Connecticut, 
at New Haven, and later 
in other portions of that 
‘State. 


(DESCRIPTION, LIFE HIS- 
TORY, AND HABITS. 


The mature beetle ri- 
vals the common species 
in beauty, but may be 
‘distinguished by its 
much broader elytra and Fia. 6.—Twelve-spotted asparagus beetle (Crioceris 


] ol Eacl duodecimpunctata): a, Beetle; 0b, larva; c, second 
orange-rec CoLor. acn abdominal segment of larva; d, same of C. asparagi. 


| wing cover is marked a, b, Enlarged; c, d, more enlarged. (Author’s illus- 
with six black dots, and *"°"? 

the knees and a portion of the under surface of the thorax are also 
marked with black (fig. 6, @). .The beetle, as it occurs on the plant 
when in fruit, very sisely resembles at a little airance the ripening 
‘asparagus fone. 

The common asparagus beetle, as is well known, dodges around a 
stem like a squirrel when disturbed, but the twelve- 
spotted form appears to trust to flight, taking 
wing more readily. Both species make a loud 
creaking sound when handled, by what is called 
stridulation, produced in the present species by 
rubbing the tip of the abdomen against the elytra. 

The full-grown larva is shown at 0 (fig. 6). It 
measures, hen extended, three-tenths of an inch 
Fic.7._Criocerisduo. (8 mm.), being of about the same proportions as 
decimpunctata: Egg, the larva of the common species, but is readily 
natural size, on as- : 
eee ienves' at, separable by its orange color. The ground. color 
right; same, en- is light yellowish cream with an overlay of ochra- 
larged, at left. (Au- : : 
thor’s illustration.) CeO0US orange which is most pronounced on the ex- 

terior portions of the abdominal segments. The 

head, with the exception of the mouth-parts, is also ochraceous, 

che thoracic plate is prominent, divided into two parts, and is of a 

Jark-brown color. Enlarged figures of the second abdominal seg- 

nent of both species are presented at c and d (fig. 6) for comparison. 
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In Europe, where this species is native, it is common, but not 
especially destructive. 

The chief damage is from the work of the hibernated beetles in 
early spring upon the young and edible asparagus shoots. Later 
beetles as well as larvee appear to feed exclusively on the berries. 
The eggs are deposited singly, and apparently by preference, upen 
old plants, toward the ends of shoots, which, lower down, bear ripen- 
ing berries, and they are attached along their sides (fig. 7), instead of 
at one end as with the common species. Soon after the larva hatches 
it finds its way to an asparagus berry, enters it, and feeds upon the 
pulp. In due time it leaves this first berry for another one, and 
when full growth is attained it deserts its last larval habitation and 
enters the earth, where it transforms to pupa and afterwards to tne 
beetle. The life cycle does not differ materially from that of ¢ e 
common species, and there is probably the same number of genera- 
tions developed, or nearly as many. 


REMEDIES. 


The remedies are those indicated for the common asparagus beetle, 
with the possible exception of caustic lime and some other measures — 
that are directed solely against the larve of that species, but the 
habit of the larva of living within the berry places it for that period — 
beyond the reach of insecticides. The collection and destruction of 
the asparagus berries before ripening might be a solution of the | 
problem, but it is questionable if recourse to this measure would be 7 
necessary, Save in case of an exceptional abundance of the insect, j 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasurineton, D. C., April 15, 1908. 
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THE HARLEQUIN CABBAGE BUG. 


(Murgantia histrionica Hahn.) 


By F. H. CHITTENDEN, 
Entomologist in Charge of Breeding Experiments. 


INTRODUCTORY. 


A moderate-sized red and black plant-bug, variously known as 


and “ terrapin bug,” 


y) 


“ calico back,” “ fire bug,’ as well as harlequin 


Fic. 1.—Harlequin cabbage bug (Murgantia histrionica) : a, Adult; b, egg mass; c¢, first 
stage of nymph; d, second stage; e, third stage; f, fourth stage; g, fifth stage. All 
enlarged (original). 


cabbage bug, is the most destructive insect enemy of cabbage and 
related crops in the southern part of the United States. At one time 


it was a serious pest northward to New Jersey and westward to Ohio 
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and, indeed, threatened to invade New York and New England. I 
recent years, however, its progress in the northern States has bee 
checked by atmospheric conditions. 

This plant-bug accomplishes its work of destruction by sucking the 
sap from lee and veins of cabbage and other crucifers, the af- 
fected plants wilting, withering, and dying as if they had beta swept 
by fire, whence the name “ fire bug.” It is a pest which, if permitted | 
to propagate unmolested in seasons which favor its increase, is certain © 
to destroy a portion if not all of the fields which it infests. A half © 
dozen mature insects are capable of destroying a small plant in one | 
or two days. Some years ago, when this species was abundant in — 
the vicinity of the District of Columbia, the writer saw many large — 
fields in Maryland and Virginia from which not a single good cab- 
bage could be picked, and observed similar injury to horse-radish — 
and some other crucifers. . 

The harlequin bug has been compared to the boll weevil as a pest | 
in the South and to the San Jose scale as a scourge in New Jersey. 
Certainly it is to the cabbage grower what the other two insects are 
to the cotton planter and fruit raiser respectively. If growers gen- 
erally, however, will undertake the methods of control, as advised 
in this circular, there is no reason why it should be longer destructive. 


DESCRIPTIVE. 


The name harlequin cabbage bug scarcely requires explanation to- 
any one familar with the appearance of the insect. Its gay red and 
black ornamentation is suggestive of the dress of the stage harlequin. | 
In the figure of the adult (fig. 1, @) the dark portions illustrated are _ 
either black or dark metallic blue and the light portions are bright 
vellow in freshly transformed bugs and red in fully hardened in- 
dividuals. 

The eggs (fig. 1, 6) are beautiful objects and remarkable for the 
fact that hey Siow imitate in miniature white barrels bound with 
black hoops and with black spots set in the proper place for bung- 
holes. 

The younger stages, or nymphs, of this species bear considerable re- 
semblance to the mature form, differing, however, in the lack of 
wings and in having only four joints to the antenna, whereas the adult 
has five. There are five stages in all, illustrated at c, d, e, f, and g. 
In the third and fourth nymphal stages the body is hemispherical and 
the resemblance to a turtle or terrapin is striking. 


DISTRIBUTION. 


The harlequin cabbage bug is a native of Mexico and Central 
America—where it obviously origi also of the 
semitropical regions in Texas, Arizona, and New Mexico. It was first 
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recorded in injurious numbers in Texas, in Washington County, in 
1864,7 and since then has traveled gradually northward, although not 
with uniform rapidity. Normally the species is probably tropical and 
has been diffused through two additional life zones, the Lower and 
Upper Austral. In the latter zone, however, it has not become per- 
manently established much farther north than about the lower or 
warmer half. The region about Norfolk, Va., “the gateway of the 
South,” is probably the northern limit of actual establishment in the 
Fast. 3 

A year or two following its discovery as a pest this species had in- 
vaded Louisiana, and by 1867 was recorded from North Carolina. Its 
spread was most noticeable along the Atlantic seaboard and up the 
Mississippi River valley. In 1870 it had appeared in Missouri and 
Tennessee, and by 1876 had reached Delaware. In Maryland and Vir- | 
ginia, however, it did not attract attention until 1880. It was first 
recorded as injurious in New Jersey, at Woodbury, in 1892,’ and in 
1894 it was seen at Jamaica and “ New Lots Road,” New York.° 

Westward we have office records of its occurrence in Colorado in 
1882, at Pueblo and Denver, but it has never been an important pest 
in that region, and it was not until 1890 that it was recorded in 
Indiana and not till 1891 in Ohio. In the latter State it progressed 
steadily northward until it was checked by the same atmospheric 
conditions which prevailed in the Eastern States and which will be 
mentioned presently. In the Pacific region the species is well estab- 
lished in southern California, but there seems to be no published 
record of the time of its first appearance in that State. -We received 
specimens from San Diego, Cal., as early as 1878. The insect is also 
recorded from Nevada. 

The dispersion of this species in the Middle States has been traced 
by Mr. F. M. Webster,’ and from what has just been stated and what 
has been placed on record by Messrs. Webster and Howard it is very 
evident that it has become diffused largely by what Doctor Howard 
terms “ commercial jumps,” as in the case of insects like the aspara- 
gus beetle. Thisis a matter quite simple of accomplishment, as fertile 
egg masses can be carried long distances on the insect’s food plants— 
for example, on the outer leaves of cabbages—by railroads and by 


boat. It will be noted that after the establishment of the pest in 


Delaware it did not attract attention farther north until twenty 
years later; also, that other introductions were made in different 
directions quite independently of each other. 


“Recorded by Gideon Lincecum, Practical Entomologist, Vol. I, p. 110, Aug. 21, 
1866. 
* 6 Vintner, 9th Rept. New York State Ent. f. 1892 (1893), pp. 315-317, 441. 
¢ Sirrine, Bul. 83, New York Agl. Exp. Sta. (Geneva), Dec., 1894, p. 6838. 
4 Proc. Ent. Soc. Wash., Vol. III, pp. 288-290, 1896. 
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To recapitulate: This species has obviously become diffused from a_ 


central point of dispersal, Mexico, chiefly in the following three direc- 
tions: (1) From Texas eastward through the Gulf States and north- 
ward along the Atlantic seaboard to Long Island; (2) from Texas 
northward through the Mississippi Valley and thence through the 
Ohio River region into Ohio; (8) from Mexico into the neighboring 
States and Territories, and from Lower California into southern Cali- 
fornia and Nevada. 

The northward migration of the harlequin bug, although not with- 


out interruption, was apparently quite steady until recent years. 


Beginning with the year 1897, at which time the insect had reached 


its maximum as a pest in Maryland, Virginia, Delaware, and adjoin- © 
ing States, climatic conditions adverse to its existence developed. — 
These consisted of sudden changes of temperature, such as cold snaps _ 


followed by warm spells and the reverse during the winter. As a 


result this bug, with several other forms of southern origin, was killed — 


while hibernating and practically disappeared in the North until, at 
the date of writing (1908), it is scarcely, if ever, reported as in- 


jurious from the District of Columbia northward. These conditions — 


were particularly noticeable in the winter of 1898-99. Small scat- 
tering colonies are, however, occasionally found in this region, chiefly 
on wild plants, late in the fall. 


LIFE HISTORY. 


In the warm and equable climate of the South where this species 


is at home it is more or less active throughout the year. Farther © 


northward, however, after the first severe frosts of December it goes 
into hibernation in tufts of grass or under rubbish at the bases of 


cabbage stalks or in any convenient place. This takes place chiefly — 
in the adult stage, although some nymphs of the last stages remain 


afield as late as November and December. Doubtless the nymphs 
succumb in time to cold, and hence fail to survive the winter.? The 
first warm days of February or March, in the Gulf region, or of 


April, farther north, see the bugs appear abroad and beginning to — 


feed. At first wild mustard and other cruciferous weeds are attacked 


and soon the insects are ready to reproduce their kind. On these wild ~ 


4 See Bul. 22, n. s., Div. Ent., U. S. Dept. Agric., pp. 54, 55. 

®A number of adults and nymphs in the last two stages obtained from Lam- 
bert’s Point, Va., October 21, 1907, were placed in a rearing cage with growing 
cabbage plants, grass, and similar rubbish to provide means of hibernation. For 


plants the eggs are deposited, on end, generally in two more or less _ 


over a month or until some time in December the insects continued feeding, but — 


when examined during the first week of March it was found that all had suc- 
cumbed to the severe cold weather of February. 
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"parallel rows cemented together in groups of about a dozen, as shown 
in figure 1. They are normally placed on the under side of the leaves 
and mee in warm weather, in three or four days after deposition 
and in five to eight days in the cooler weather of early spring. The 
young bugs or nymphs pass through their five stages of metamor- 

phosis with considerable rapidity. It has been stated that the life 

cycle could be completed in warm weather in about two weeks, but 
this is obviously an exaggeration, as it requires four or five weeks for 
the completion of the cycle in related insects. 

_ The life periods of this species were unknown until worked out 
by Mr. H. O. Marsh, of this office. Specimens (from Texas) were 
under observation from the first week of March until the first week 
of May. They were under somewhat unnatural conditions, being 
confined in our office room, which was maintained during this period 
at an average temperature of from 68° to 70° F. The first or egg 
stage covered 11 days. The time from the hatching of the eggs until 
the first molt gave the first larval instar or nymph period 7 days; 
the second instar required 13 days; the third, 8 days; the fourth, 14 
days, while the fifth or pupal instar covered 17 days—a total of 70 
days, or 10 weeks, in all, which will be not far from the maximum 

active period of this species. The minimum will probably fall into 
much lower figures, probably half of this time, or at most not more 

than 42 days in extremely hot midsummer weather. 

_ When cabbdge and similar plants come up the insects migrate to 

them. It has been surmised that owing to the rapid development of 

_ the cabbage bug in the South there is a possibility of as many as seven 

or eight generations each year, while in the North three or more occur. 

The first supposition is doubtless overdrawn, as we know of no simi- 
_lar insect producing so many generations annually. This is a prob- 
lem for future study. It seems probable that four or five generations 
would be a more natural limit in the South and two, or possibly 

three, in the North. 


FOOD PLANTS. 


In the autumn after the cabbage crop has been made and in early 
winter, even as far north as Washington, the bugs are still afield, 
seeming loath to seek shelter for the cold months. At this time they 
cluster on cabbage stalks and sprouts and the leaves of turnip and like 
_ plants, and when the supply of crucifers has become exhausted they 
will attack almost any form of succulent vegetation which is most 
available and palatable. 
-~ On one farm the writer observed a field of 10,000 cabbage plants 
completely ruined, which at the time of his visit, the an week in 


October, had been deserted by the bugs. An mGaeiies field of pota- 
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toes was then attacked, afterwards one of eggplant, and numerous 


bugs in various stages were observed sucking the juices of these 
plants. Unripe fruit of eggplant was especially relished, and ripe 
pods of okra and beans were also attacked. 

The list of useful plants which this species has been found to 
damage includes all forms of crucifers or cole crops—cabbage and 
related plants, kale, collards and cauliflower, turnips, radish, horse- 
radish, mustard, rape, and the hke—and when these crops have been 


killed out truck crops of nearly all kinds are attacked, of which egg- 


plant, asparagus, potatoes, tomatoes, okra, beans, and beets are most 
affected. Damage is sometimes done to ornamental plants such as 
roses, sunflowers, and chrysanthemums in flower gardens, and Mr. 
J. M. Rankin, while an agent of this Bureau at Chico, Cal., in Octo- 
ber, 1905, reported that this species, after entirely destroying a half- 
acre plat of cabbage, attacked the other plants in the vicinity, includ- 
ing nursery plants of citrus, loquat, cherry and plum, squash, egg- 
plant, “and in fact everything green.” The fruit of grapes and 
late corn has also been attacked. The bugs are very partial to rag- 
weed (Ambrosia), pigweed (Amarantus), wild lettuce (Lactuca 
canadensis), and lambsquarter (Chenopodium), congregating on all 
parts of these weeds but appearing to prefer the stems. 

The wild food plants on which the species actually breeds include 
wild mustard and cresses of different kinds, shepherd’s purse, pepper- 


grass, bitter-cress, rock-cress, and practically all other’plants of the 


mustard family (Crucifere) as well as some of the closely related 
caper family (Capparidacee). 


NATURAL ENEMIES. 


The comparative freedom from the attack of natural enemies 
which the harlequin cabbage bug enjoys is remarkable, and is due to 
two causes: First, to the warning type of its coloration—black and red 
or yellow; and, second, to its distasteful odor and flavor. This latter 
has been tested frequently. In the writer’s experience birds that 
would attack most common insects would, when offered one of these 
bugs, either peck at it or look at it askance, or if by chance they ate 
a bug they did not repeat the dose. 

Nevertheless the insect has one effective natural enemy, a minute 
parasite, Z'rissolcus murgantie Ashm., which develops in the egg. 
Prof. H. A. Morgan when in Louisiana discovered that out of over 
a thousand eggs under observation in 1902 nearly all were killed 
by this useful little creature. The eggs are also attacked by Qoen- 
cyrtus johnsoni How. and have been parasitized artificially by 7’7és- 
solcus podist Ashm. 
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This species is also preyed upon by another bug, Ardus cristatus 
L., the wheel bug, which the writer has frequently seen attacking the 
young harlequins. | 

The influence of natural elements, particularly cold winters, has 
already been mentioned as a means of decimating this pest. It is well 
to add, however, that the writer had this species under close obser- 
vation in 1899, and that as a result of sudden cold snaps, 85 per cent 
of the bugs in fields near Washington in that year had been killed by 


January 15, 1900. 
METHODS OF CONTROL. 


The experience of years has shown that in order to obtain the best 
results in the treatment of the harlequin cabbage bug preventives are 
necessary, as there is great difficulty in obtaining insecticides which 
are effective and which do not at the same time injure or kill the 
plants. These preventives are: (1) Clean cultural methods, espe- 
cially in the fall; (2) the use of trap crops of mustard or other plants 
in the spring, and (3) hand methods. With strict observance of clean 
farming few of the insects will survive the following spring and the 
adoption of trap crops leaves fewer still to be destroyed by mechanical 
measures. In some cases all three methods should be adopted, for if 
they are neglected the grower will find it a most vexatious matter to 
control the pest in the midst of the growing season. 

Clean cultural methods.—Of prime importance are clean cultural 
methods. The value of clean methods of farming has been recognized 
by nearly everyone who has had experience with this insect. The 
practice of leaving stalks of cabbage and other cruciferous plants in 
the field late in the autumn and in the early winter, or of permitting 
rank weeds to grow up, or, in fact, allowing any sort of débris to accu- 
mulate, serves as a means of protracting the life of this insect, as all 
such material either affords it food late in the season or quarters for 
protection against the elements during winter. It is even inad- 
visable to plant crucifers in the vicinity of outhouses and barns, as 
the bugs are apt to enter these latter for passing the winter. 

Throughout the year wild plants of the mustard family, on which 
the insect chiefly breeds, should be carefully kept down not only in 


_the fields but in the immediate neighborhood. A lst of such plants is 


given on page 6. 

Trap crops—sSome plants, such as cabbage, turnip, or kale, may be 
planted late, to be left at intervals throughout infested fields. These 
trap plants attract the insects in the fall, and here the latter may be 
killed with pure kerosene, or by mechanical methods. Where it is con- 
venient to leave piles of rubbish until the insects are attracted to 
them this may be done, and the entire material, insects and all, should 
then be burned. 
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The best remedy, however, and one that should be put into opera- 
tion by every cabbage grower who is troubled by this pest, consists in 
planting an early crop, which may be either mustard, rape, or kale, 
as a lure for the first-appearing insects. Radish and turnip serve a 
similar purpose. In the Gulf States the overwintered adults appear 
in February and March, and in the District of Columbia and vicinity 
in the latter part of April. For some reason they appear to prefer 
the plants that have been enumerated, and wild mustard and other 
crucifers, for the first deposition of their eggs. On these crops and 
on weeds the insects can -be killed with kerosene or by the hand torch 
or may be collected in nets, or they may be destroyed by burning the 
entire trap crop when this is of no special value. Numerous reports 
have been received at the Department of Agriculture, and others have 
been recorded, of the value of trap crops as a means of controlling 
this pest. Some of these are worth repeating. 

The first test of the trap-crop remedy was made by Lincecum 
(1. c.) in Texas, in 1866. Noticing that the bugs were numerous on 
mustard and radish in April, he handpicked them and thus protected 
his cabbage crop. The practical utility of this method, however, does 
not appear to have been recognized until considerably later. In 
1891, Mr. H. E. Weed, when entomologist of the Mississippi Agri- 
cultural Experiment Station, sowed a row of mustard through the 
center of a l-acre field of cabbage. In April this mustard attracted 
the bugs in large numbers and on it they were killed with undiluted 
kerosene, with the result that throughout that season the field re- 
mained free from the pest, whereas the previous year the crop was 
almost entirely destroyed. 

Hand methods.—\lf determined efforts are made to stamp out the 
first generation fewer insects will remain to be dealt with and very 


“@A correspondent, Mr. J. H. Hevey, Ingomar, Miss., tested the trap-crop -. 
remedy, and wrote that when the bugs made their appearance on a bed of mus- 
tard he destroyed them by “ bugging,” i. e., by shaking them into pans of water 
on which a thin film of kerosene was floating. When the mustard was removed 
to make room for another crop a few cabbage plants became infested, but the 
bugs were killed as above, and finally, after the middle of July, none was left. 

One of the largest growers of cabbage in Delaware reported (Sanderson, 
Bul. 26, n. s.. Bur. Ent., U. S. Dept. Agric., p. 67, 1900) that at one time it was 
impossible to raise cabbage on account of this pest, but for several years he 
had used kale as a trap crop, and as a result of this procedure and careful 
handpicking of the few bugs that strayed to the cabbage, he had been troubled 
very little, while his neighbors’ cabbage had frequently been ruined. 

In April of one year in Maryland half an acre of kale became freely infested 
on one side by harlequin bugs. The insects had all congregated on this side. 
Under the writer’s direction this portion was burned, straw being used to 
facilitate ignition. Two weeks later not a single bug could be found in a walk 
about this patch, and the cabbage which was growing in several plats in the 
vicinity was free from injury. 
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few will fly from other quarters for the continuation of the species. 
Thus injury may be greatly curtailed if not absolutely prevented for 
an entire season. The large size and bright colors of the insect render 
it easy of detection and its sluggish nature assists in its easy capture. 
Mr. H. Walter McWilliams, Griffin, Ga., reports that by offering 
a bounty to school children for the destruction of this pest he suc- 
ceeded, in March and April, 1902, in destroying the first generation in 
that vicinity, and estimated that this experiment saved him $100 on 
his cabbage crop alone, not counting the benefit to the children. 

As instance of the ease with which this insect may be hand-picked, 
a grower at Denton, Tex., gathered, in February of one year, 47,000 
bugs. In case hand-picking has not been thoroughly done and some 
bugs have escaped this process and succeeded in depositing their eggs, 
the masses, which may be easily recognized by comparison with fig- 
ure 1, 6, should be carefully gathered and crushed. 

Kerosene emulsion, according to the testimony of many who have 
experimented with it, is not effective against the adults and only par- 
tially effective when sprayed on the younger nymphs. Quite recently 
Prof. A. F. Conradi¢ has found that a 10-per-cent kerosene emulsion 
is effective in killing the nymphs, as is also whale-oil soap, at the rate 
of 2 pounds to 4 gallons of water. If the insects are sprayed just 
after they have molted these insecticides almost invariably kill them. 
It is obvious that further experimentation is desirable along this line. 

Other remedies.—A few words should be said of other remedies and 
may be prefaced with the remark that since the harlequin cabbage 
bug feeds exclusively by suction and does not chew its food, the ar- 
senicals, hellebore, and such remedies as are useful against cabbage 
worms are absolutely valueless against the present species. Pyre- 
thrum is not effective and is, moreover, too costly. Hot water apphed 
at a temperature of about 130° F. to the infested cabbage plants should 
be tested. It is not applicable, however, to large fields on account of 
the difficulty of maintaining the temperature at a given point, but 
may be found useful in kitchen gardens. 

The value of hand torches for insecticidal purposes is extremely 
hmited. The plumbers’ torch is used considerably in Texas as a 
means of killing this insect, but growers are apt to expect too much 
- of this method, and to apply it to too many kinds of insects, to the 
ultimate detriment of their crops. 

It is possible that some of the natural enemies of this species, 
especially southern egg parasites, might be utilized in its control; 1. e., 
by shipping parasitized eggs from localities where they are abundant 
to northern regions in which they do not occur. 


@ Bul. 89, Texas Agr. Exp. Sta., pp. 9-11, 1907. 
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SUMMARY. 


The general acccount which has been given of this insect in preced- 
ing pages has been brought together at this time because of the practi- 
cal certainty that in the natural course of events this bug will before 
long endeavor to reinvade territory north of its present range (in 
1908), and may again become a pest for a number of years, until 
climatic conditions adverse to its development or increase check its 
northward spread. 

In conclusion, it should be repeated that the systematic destruction 
of the insects by means of the trap-crop method described, together 
with a system of clean cultural practice throughout the entire season 
and especially in the late fall, will leave little else to be done save the 

gathering by hand of such insects as escape these measures or which ~ 
may fly e om infested to uninfested fields. 

To prevent the pest from advancing farther northward than its 
present limits, careful watch should be kept for the first appearance 
of the insect, and remedies should be prompt and thorough. The 1m- 
portance of killing off the first or hibernated brood of bugs and their 
progeny can not be too strongly emphasized. 

Approved: 

JAMES WILSON, 
Secretary of Agriculture. 

Wasuineton, D. C., May 4, 1908. 
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CIRCULAR No. 104. Issued January 26, 1909. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE COMMON RED SPIDER. 


(Tetranychus bimaculatus Harvey.)@ 


By F. H. CHITTENDEN, Sc. D., 


In Charge of Truck Crop and Special Insect Investigations. 
INTRODUCTORY. 


One of the most troublesome of greenhouse pests is a minute, red- 
dish, spiderlike creature, known popularly as “red spider.” It does 
very considerable damage in flower and vegetable gardens, and in 
greenhouses attains its greatest destructiveness. It is particularly 
injurious to violets and roses, and attacks a great variety of other 
plants, including shade and fruit trees and some field crops. Beans, 
cowpeas, eggplant, cucumber, and tomato, especially when grown 
in hothouses, sustain much injury, while melons, squash, and berries 
are subject to destructive attack. 

Red spiders are not true insects, in fact not’ even spiders, but are, 
inore properly speaking, spinning mites. Since, however, they are 
almost universally known as “ red spiders,” this term is retained. 

As the word “ mite” indicates, these insects are extremely minute, 
and when they occur in ordinary numbers are not apt to be noticed 
unless the leaves are carefully scrutinized. Attention, however, is 
certain to be drawn to them when they become excessively numerous, 
as frequently happens in neglected greenhouses or out of doors during 
droughts in summer. 

Red spiders spin threads, but do not, like true spiders, utilize them 
for climbing or for descending from a height. The threads spun are 
extremely fine and scarcely perceptible to the unaided eye, but a web 


“Until the year 1900 the common red spider, most often occurring in green- 
houses, was technically designated as Tetranychus telarius L., a name which 
has been rather indiscriminately applied to all species of red spiders, both in 
America and abroad. 
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of threads is frequently so dense as to form a tissue plainly visible at 
a little distance. Webs are constructed upon the lower side of leaves, 
and attached here and there to projecting hairs, veins, or the edges of 
the leaves. Within the webs thus formed the mites feed in their 
different stages, and the eggs are laid from which the young develop. 


DESCRIPTIVE. 


The general appearance of this red spider as seen under a micro- 
scope 1s well shown in figure 1, @. At > a greatly enlarged palpus of 
the same species is illustrated, and ¢ shows the claws, similarly 
enlarged. 

The length of full-grown individuals, including the palpus, is about 
#5 inch (0.4 to 0.6 ™), and the width about 74, inch (0.25 to 0.30 ™™), 
the thickness being 0.17 to 0.20™". The form is broadly oval, the 
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width greatest in the anterior third of | 


the body, back of the eyes, where the 


general color of the adult is reddish, 
usually more or less tinged with yel- 
lowish or orange, and most specimens 
have a dark spot on each side, due to 
the food contents of the body, from 
which the scientific name bimaculatus 
(two-spotted) has been derived. 

Careful study of different individ- 
uals as they occur on garden vegetables 
and on horticultural and other plants 
| erowing in the field with those taken 
Fic. 1.—The common red spider jn greenhouses shows no appreciable 

(Tetranychus bimaculatus): a, : - = 

Adult; B, palpus; ¢, claws. a, iflerences.. Accordmig to Mines aaa 

ee pie ae more Banks, specimens taken in Florida on 

Sit oe Datura and at Washington, D. C., on 

violets are red, while those from Orono, Maine, and those from the 
District of Columbia on squash and peach, and on rose from Idaho, 
are greenish with more or less dark markings. 

The egos are extremely minute, spherical, of variable diameter, 
glassy, Aas are scattered and pase attached about the webs. 

The young are somewhat similar in appearance to the adults, but 
differ in having only three pairs of legs, while the adult has four 
pairs. 


DISTRIBUTION. 


This red spider is well distributed throughout the eastern United 
States, and was identified as occurring as far west as Idaho in 1900. 
In 1902 it was recognized from Brighton, Wash.; in 1907 from south- 
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ern California; and in 1908 at Brownsville, Tex., this last locality 
practically assuring its occurrence in Mexico.‘ 


NATURE OF INJURY. 


The red spider occurs in greenhouses throughout the year, and 
appears to be at all times destructive if permitted to propagate. 
Few plants are, in fact, free from its attack, and it is found in most 
greenhouses. When only a few mites are present the plants seldom 
show any external evidences of injury, but as they increase in number 
the leaves gradually turn paler and become yellowish and stunted, 
and soon the whole plant succumbs unless the proper remedies are 
applied. Cuttings or young rooted plants are particularly subject 
to serious injury, and this is especially true in the spring. At this 
time the mites multiply rapidly, and unless plants are carefully 
watched they are apt to become so badly infested that it is only with 
extreme difficulty that they can be restored to their normal growing 
condition. 

The mites injure plants by suction, and when they occur in num- 
bers, which they almost assuredly do when plants are neglected, the 
vitality of the plants is slowly but surely reduced by the loss of 
the juices, and in time all of the plants’ functions are more or less 


deranged. In cases of severe attack, millions of red spiders can be 


on ae I 
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found upon the foliage, and the webs, rarely observable at ordinary 
times, sometimes stretch from plant to plant, the mites passing rap- 
idly over them and congregating in swarms. 


FOOD PLANTS. 


The red spider is nearly omnivorous, attacking a wide range of 
both glabrous and hirsute plants belonging to many families. It has 
been observed on plants of the following list: Among greenhouse and 
other ornamental plants, roses, violets, carnations or pinks, mignon- 
ette, clematis, pelargonium, abutilon, fuschia, passiflora, manettia, 
bouvardia, feverfew, verbena, heliotrope, salvia or sage, morning- 
glory, moonflower, cypress-vine, phlox, chrysanthemum, calla, Easter 
lily, Boston smilax, mimulus, slipper flower (Calceolaria), canary 


bird (Zropwolium peregrinum), thunbergia, wedding bells (Brag- 


mansia arborea), castor-oil plant, Asparagoides plumosa, cuphea, 
godelia, sunflower, and aster. Of the plants listed, violets and roses 
are very susceptible to damage by the red spider, more especially 
when the plants are growing under glass. 


“Tf, as seems probable, Tetranychus cucumeris or some other species described 
by Boisduval (Entom. Horticole) is identical with 7. bimaculatus, it is quite 
likely that this red spider is of foreign origin and introduced into the United 
States, which is true of a very large proportion of greenhouse and other indoor 
insects. 
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Among truck and vegetable crops, leguminous plants are greatly 
injured, more especially beans, including Lima beans. ‘Cucumbers 
and tomatoes grown in hothouses, cantaloupes or muskmelons, water- 
melons, and squash are also badly damaged. Eggplant, pepper, 
pepino (Solanum muricatum), corn, cowpeas, raspberry, strawberry, 
beets, and celery are also subject to attack, but are not as a general 
rule very seriously injured. 

Of field crops infested other than those which have been mentioned 
are hops, hemp, peanut, and the groundnut or wild bean (Apios 
cptos). 

Trees grown for shade and for fruit are subject to attack and con- 
siderable injury is effected at times. The list of trees that have come 
under observation as subject to the greatest injury includes the Ken- 
tucky coffee tree (Gymnocladus canadensis), the hop tree (Ptelea 
trifoliata), pecan, ornamental sassafras, arborvits, maple, horse- 


chestnut, and birch. 
INJURY TO TRUCK CROPS. 


Every year this species is noted in considerable numbers on the | 
underside of leaves of bean in and about the District of Columbia, 
frequently causing great blotches and the withering of a large portion 
of the leaf. When the mites occur in such abundance it necessarily 
causes a drain on the vitality of the plant and a decrease in the pro- 
ductiveness of seed-pods if not of the seeds themselves. Still, as a 
rule, such injury is rarely noticed until comparatively Tate in the sea- 
son, in September and October. 

Similar injury has been reported in Georgia and South Carolina to 
all forms of beans—snap, butter, and Lima—as well as to cowpeas. 
In the same States injury has been reported to a variety of other 
truck crops. Writing in June, one of our correspondents stated that 
his cucumbers looked as if a blight were on them; another wrote: 
‘“‘ A fine garden three weeks ago now looks as if a fire had struck it.” 


INJURY TO TREES. 


Injury by the red spider to shade and fruit trees 1s insignificant, 
as a rule, compared with that which is accomplished by leaf-feeders 
such as caterpillars. Sometimes, however, very considerable defolia- 
tion is caused by the attack of this species. This was very noticeable: 
during the summer of. 1906, when the foliage of various shade trees 
in«the city of Washington was injured. Attack was first observed 
during the third week in July and was manifested by the leaves hay- 
ing turned yellow on the upper surface. The leaves on the lower 
branches showed the presence of numerous feeding colonies. The 
Kentucky coffee tree suffered most of all of our city trees. On one 
of these trees the leaves continued to drop throughout the remainder 
of July and August, but by September, partly owing to an unpre- 
cedented rainfall of three weeks’ duration, the mites were less in evi-- 
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dence and many branches from which the leaves had fallen developed 
new clusters of fresh leaves. 

Two years later it was noticed that many of the lower branches 
which had suffered most from defoliation by the red spider were dead, 


Fic. 2.—Kentucky coffee tree, showing partial defoliation by the red spider on lower 
branches; upper branches have put out new leaves. (Original.) 


without doubt owing to the attack of this insect. The accompanying 
illustration (fig. 2) was taken after the new leaves had become well 
[Cir. 104] 


6 


developed. Two or three weeks before that time the lower half of 
the tree bore only a few leaves. 

This same form of injury was repeated in 1908, the tree looking 
considerably worse than shown in figure 2. 


NATURAL ENEMIES. 


The predaceous and parasitic insect enemies of the red spider, men- 
tioned below, were observed by the writer on the Kentucky coffee 
tree at Washington, D. C., during July and early August, 1906. 

Scymnus punctum Lee., a very small black ladybird, was observed 
July 21, chiefly as a nearly full-grown larva, and was the most active 
natural enemy. At that time it was for the most part attached to the 
leaves for pupation, and a single pupa was found then and many a 
few days later. Nearly all the larve had transformed and the beetles 
had begun to issue by the Ist of September. An illustrated account 
of this species was given by J. C. Duffey in 1891.4 

Cecidomyia coccidarum Ckll. (?).—-The larva of this small cecido- 
mylid fly was reared at Washington, where it was fairly abundant. 
It was secondary in importance core to the ladybird mentioned, as a 
destroyer of its red-spider host. 

With the latter was reared a minute chalcis fly, dphiier ae va- 
vipes Ashm., a species recorded as parasitic on cecidomyiids. 

Chrysopa rufilabris Burm., a lacewing fly, was also reared and the 
larva was observed in numbers attacking the red spider. 

Thrips seemaculata Perg. has been recorded as an enemy of the 
red spider by Pergande ” and by Duffey. 


METHODS OF CONTROL. 


DIRECT REMEDIES. 


Red spiders are more resistant to fumigation, either with tobacco 
or hydrocyanic-acid gas, than are aphides, thrips, and small forms 
of insects generally. Only a portion of these creatures are usually 
killed by the ordinary use of the gas in greenhouses—never more than 
80 per cent, so far as our records go. The remainder may be stupefied 
for a time, but eventually recover. They are, however, extremely 
sensitive to sulphur, applied either dry or as a wash, or in connection 
with other poisons. Soap is also a good remedy. 

Sulphur.—Flowers of sulphur, mixed with water at the rate of an 
ounce to a gallon, and sprayed over infested plants, is of great value 
in the eradication of this pest; or the sulphur may be combined with 
strong soapsuds. For the application of this spray a force pftimp 
with spraying nozzle is a necessity and the current should always be 
directed to the lower surface of the leaves. 

Soap solutions.—Potash, fish-oil, whale-oil, and other soap solutions 
are valuable against the red aes and the addition of sulphur in- 


a 1 rans. St. Louis Aves Sci., ion V, pp. 540-542. b Psyche, Vol. Lit, D. 381, 1882. 
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creases their effectiveness; but these washes will injure some delicate 
plants. Moreover, they have no more value as insecticides than 
neutral scaps of the castile and Ivory type, or such as are used by 
physicians and surgeons. 

For the red spider, as it occurs in greenhouses, particularly on plants, 
such as violets, that are liable to injury from sulphur, no other rem- 


edy is employed by florists generally than frequent syringing or spray- 


ing with water or with a soap solution. Neutral soaps are valuable, 
particularly upon cuttings affected with the red spider, and the best 
results have been obtained in the proportion of a 5-cent cake to 6 or 7 
gallons of water. The soap is shaved with a small plane, dissolved 


in about a gallon of hot water, and then sufficient cold water is added 


to make the quantity desired. Five gallons are sufficient for the treat- 
ment of three or four thousand cuttings of violets. It is customary 
to allow the soap to remain on the plants two or three hours and then 
to’ syringe thoroughly with clear water, repeating this treatment 
two or three times, until the “spiders” and their eggs have been 
destroyed. Used thus, the soap has little if any deleterious effect 
upon most plants. 

Krerosene-soap emulsion.—An emulsion may be prepared by com- 
bining 2 gallons of kerosene and one-half pound 
of whale-oil soap (or 1 quart of soft soap) with 1 
gallon of water. The soap is dissolved in boiling 
water and then poured while still boiling hot 
(away from the fire) into the kerosene. The mix- 
ture is churned rapidly for five or ten minutes, 
pumping the liquid back upon itself by means of 
a force pump and direct-discharge nozzle throw- pyc. 3. Einow attach. 
ing a strong stream. At the end of this time the a ee 
mixture will have the consistency of thick cream. 

Properly prepared, an emulsion will keep almost indefinitely, and 
should be diluted as needed for use. For the red spider the staple 
emulsion should be diluted with about 10 parts of water. In the 
preparation of kerosene emulsion a force pump is required, since if 
not made according to directions a perfect emulsion is not formed and 


there is then danger of injury to the plants or useless waste. There is 


danger and waste, too, if the insecticide is not applied by means of a 
fine nozzle in the form of a spray, which should be fine and mist-like. 
It should be sprayed only for a sufficient time to cover the plants; 
otherwise the liquid forms into globules and runs off. An elbow 
attachment for underspraying is shown in figure 3. 
Lye-sulphur.—The lye-sulphur remedy was given a thorough test 
against the red spider in its occurrence on beans in Florida, having 
been applied May 28, 1908, with the result that 98 per cent of the red 
spiders were killed without in the least affecting the plants treated. 
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This shows better results than with any of the four insecticides 
which were tested in that locality by Mr. H. M. Russell," 3 per cent 
more of the mites being destroyed than by the use of kerosene emul- 
sion, Which slightly injured the plants; 7 per cent more than with the 
use of sulphur water, and it proved to be much better than lime- 
sulphur, which was hardly a success as compared with the others. 
Lye-sulphur is prepared as follows: 

Mix 20 pounds of flowers of sulphur into a paste with cold water; then add 
10 pounds of pulverized caustic soda (98 per cent). The dissolving lye will 
boil and liquefy the sulphur. Water must be added from time to time to pre- 
vent burning, until a concentrated solution of 20 gallons is obtained. Two gal- 
lons of this is sufficient for 50 gallons of spray, giving a strength of 2 pounds of 
sulphur and 1 of lye to 50 gallons of water. An even stronger application can 
be made without danger to the foliage. This mixture can also be used in com- 
bination with other insecticides (Marlatt, Farmers’ Bulletin 172). 


Tobacco water.—Tobacco water is of some use for destroying the 
red spider, but can not be recommended for violets, owing to its 
tendency to weaken the foliage and induce “ spot.” 

Water.—Spraying with water is usually practiced two or three 
times a week during the growing season, and by a little practice and 
experiment with a fine-spray nozzle or tip the operator is soon able 
to ascertain the proper degree of force to use. A pressure of about 25 
pounds has proved most effective against this red spider. Care 
should be exercised to wash off the “ spiders” and at the same time 
to avoid drenching the beds. When it is necessary to spray during 
winter, work should be done on a bright day, in order that the plants 
may dry off in a few hours. Water is also of use on shade trees and 
shrubs in parks. 


NOZZLE AND TIP FOR GREENHOUSE USE. 


Since the general adoption of spraying as a remedy for the red 
spider, the problem of how to apply a water or other spray so as not 
to drench the beds has been an important one. To accomplish this 
object, Dr. B. T. Galloway, Chief of the Bureau of Plant Industry, 
has devised a small spraying tip which answers the purpose ad- 
mirably, being particularly serviceable where plants are syringed or 
sprayed on a large scale. The following description of the nozzle is 
taken from Circular 17 of the Division of Vegetable Physiology and 
Pathology: 

The spray tip proper is attached to a brass fitting, which in turn screws onto 
the end of a three-quarter-inch hose. The apparatus is very effective for spray- 
ing roses, as it readily serves to keep the leaves in a thoroughly healthy condi- 


“For particulars see article by H. M. Russell in Journal of Economic En- 
tomology, Vol. I, pp. 377-880, 1908. 
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tion, and at the same time wets the beds but little. It is also very useful for 
violets, as with a pressure of 35 to 40 pounds the leaves of the plant can be 
readily turned over and thoroughly washed without soaking the crowns and the 
bed. In spraying some plants, particularly violets, it has been found advan- 
tageous to use a lance 18 inches long, made of a piece of one-half-inch brass 
pipe. This increases the reach, and enables the operator to place the water to 
better advantage on plants which under ordinary conditions would be beyond 
arm’s length. The apparatus can be made for 50 cents, and will be found a 
useful instrument wherever there is sufficient water pressure to insure a proper 
amount of force. 

The illustration here presented (fig. 4) shows the general appear- 
ance of this tip and nozzle. The nozzle consists of a casting turned to 
the desired length and flattened at the end as figured. Through this 
flattened end a narrow slit is made, which should be absolutely true 
throughout, so that the water as it issues will be broken up into 
streams. It is even sometimes necessary to file the tips as they come 


from the factory, to secure the desired result. 


TREATMENT OF TREES AND SHRUBS. 


The methods of control which have been 
advised above are especially adapted to the 
treatment of greenhouses infested by the 
spider. All of the insecticides which have 
been recommended for indoor use are also 
applicable to trees and shrubs, the list in- 
cluding sulphur, which may be applied in 
the form of a powder by means of a pow- 
der bellows, or mixed with water as 
previously prescribed, or combined with 
lye or lime. Soap solutions, kerosene 
emulsion, and cold water may be used with F's. 4.—Nozzle and tip for 

é an greenhouse use. Reduced. 
profit. Resin wash and lime-sulphur are 
also used as for the orange mites or red spiders. Of these the lye- 
sulphur mixture is probably the best, as it is successfully used against 
these pests in California. 

The sulphur treatment has an advantage, in that it adheres more 
closely to the leaves than other preparations which have been men- 
tioned and kills young mites coming in contact with it as soon as 
they are hatched. Sulphur preparations are also of value in eradi- 
cating scale-insects which might be present at the same time; in fact, 
when the sulphur is being applied for scale-insects, red spiders or 
mites are likewise killed. 


TREATMENT OF TRUCK AND GARDEN PLANTS. 


In the treatment of truck crops infested by the red spider, little 
variation from the methods already advised for greenhouse work 
need be practiced. The same applies to ornamental flowering plants 
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in gardens. Considering the great susceptibility to damage from red 


spider of beans, cowpeas, and other leguminous crops, and orna- 
inental plants, it is advisable, where this mite is very destructive, as 


in the District of Columbia and southward, to practice rotation with 
plants not so subject to injury. The lye-sulphur remedy has pro-— 
duced the best results, as just described. Some of the remedial meas- 


ures advised for the cotton red spider (Zetranychus glovert Bks.), 
a related species occurring in the Gulf region, may be followed; in- 


deed, the same measures are applicable to aphides and other pests — 


which may be present on the plants at the same time. 

Among cultural methods of control may be mentioned clean garden- 
ing or farming with early fall plowing, keeping down the weeds of the 
vicinity throughout the year, and destroying crop remnants as early 
as possible by burning or otherwise. Weeds growing on the edges of 
fields, in fence corners, and like locations should be destroyed early in 


the fall in order that no winter shelter may be left for the pests. 


Early fall plowing destroys the insects before they have an eget 
nity to leave the old crop plants for weeds and others. 

During May, 1908, Mr. H. M. Russell, working under the writer’s 
prreciatt at Orlando, Fla., conducted some experiments with reme- 
dies against the red spider in its occurrence on wax beans. The 
results obtained, in brief, are as follows: 


Ixerosene-soap emulsion, 1 part stock solution to 10 parts 


water, kille@ iu 2.40 ee 95 per cent. 
Lye-sulphur, 1 pound sulphur, 4 pound lye, to 40 gallons water, 

BE eye Mibeeehedenpe = 2S Wee Sie. ls nae to ee 98 per cent. 
Sulphur water, 1 ounce to 1 gallon water, killed________-____ 3 91 per cent. 
Lime-sulphur, 1 pound lime, 1 pound sulphur, to 25 gallons 

water, killed 2022 ee ee ee 68 to 85 per cent. 


The results show that the red spider succumbs to any one of these 
four insecticides, the probabilities being that kerosene-soap emul- 
sion, properly prepared and applied, is as satisfactory a remedy as 
any other applications that could be employed. 


SUMMARY. 


The remedies advised may be summarized as follows: 

For the greenhouse and for general use, sulphur and neutral, whale- 
oil, and other soap solutions, kerosene-soap emulsion, and spraying 
with water. 

For the treatment of trees and shrubs, the same as the above, with 
the addition of resin wash and the lime-sulphur and _ lye-sulphur 
mixtures. 

For truck and garden plants, lye-sulphur wash and the same 
remedies as for the greenhouse, with the addition of clean gardening 
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or farming, early fall plowing, keeping down weeds, and crop rota- 
tion where practicable. 

Finally, it should be stated that unless remedial measures be 
adopted and thoroughly and repeatedly applied as often as neces- 
sity demands, the red spider is almost certain to do permanent harm 
to delicate plants, since as soon as the plants become badly infested 
they seldom, if ever, fully recover. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuincton, D. C., November 30, 1908. 
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CIRCULAR No. 105. Issued October 5, 1908. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE ROSE SLUGS. 


By EF. H. CHITTENDEN, 


In Charge of Truck Crop and Special Insect Investigations. 


Roses grown in gardens in the United States are attacked by three 
species of sawfiies which live, in their larval stages, on the foliage, 
skeletonizing the leaves or cutting out holes of variable size and 
greatly disfiguring the plants. The larvee, popularly known as “ rose 
slugs,” “slugworms,” and “ roseworms,” have been classified as the 
American rose slug, the bristly roseworm, and the coiled or curled 
roseworm, respectively. For the sake of uniformity they may all be 
called rose slugs. The first of these, as its common name indicates, 
is native to America; the other two are evidently accidental intro- 
ductions from Europe, as they are now common to both hemispheres. 
As with most other sawflies,* they are found more abundantly in the 
North, but are quite troublesome as far southward as Maryland and 
Kansas. They practically confine their depredations to the flower 
garden, and roses are the only plants that are seriously damaged by 
them. Injury is due entirely to the larve, and the three species, each 
representing a distinct genus, differ considerably in appearance in all 
stages, as also in their life history and manner of work. 


THE AMERICAN ROSE SLUG. 
(Endeiomyia rosw Harr.) ? 


The American rose slug was first identified as a pest about the year 
1831, when it did damage in gardens at Cambridge, Mass. At that 
time the species was somewhat restricted to that locality, but later, 
according to Harris, who observed and studied its habits,’ it grad- 
ually spread in that vicinity and by 1840 it had become so great a 
nuisance that a premium of $100 was offered for the most successful 
method of destroying it. 


4@Hymenopterous insects of the family Tenthredinide. 
’ Synonyms: JJonostegia rose and Selandria rose. 
*€ Report Ins. of Mass. Inj. to Veget., 1841, pp. 380-382; Flint ed., pp. 525-528. 
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DESCRIPTIVE. 


The sawfly which produces the American rose slug is a four-winged 
bee-like insect (fig. 1, a) of a deep shining black color, with trans- 
lucent smoky wings having dark-brown veins and a brown spot near 


“a 


the middle of the edge of the forewings. The wing expanse of the © 


female is about two-fifths of an inch and the length of the body is- 


fully one-fifth of an inch. The male is a little smaller. 
The larva or slug (0, figs. 1,2) when full grown is about one-third 
of an inch long and sluglike, with the thoracic joints enlarged. The 


Fic. 1.—American rose slug (Hndelomyia rose): a, Adult sawfly; 6, mature larva; ec, 
work of larve on rose leaf; d, section of rose leaf, showing location of egg near upper 
margin; e, egg in situ on bit of rose leaf. a, b, e, Much enlarged ; c, less enlarged; d, 
about natural size. (Original.) 


body is soft and delicate, but not gelatinous and slimy, as is the case 
with some sawfly larve-—for example, the pear slug. The color is 
green above and yellowish on the lower surface. 'The head (fig. 2, ¢) 
is small, oval, and yellowish, and has a black spot on each side, 
inclosing the eye. 

DISTRIBUTION. 


The assertion has been made by Riley ¢ that this sawfly undoubtedly 
originated in New England, where it fed upon wild rose. With the 
lapse of years, if we assume this statement to be correct, it has been 
disseminated by commerce into neighboring States and through the 


4 American Hntomologist, Vol. III, 1880, p. 115. 
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_ importation of rose bushes trom eastern nurseries to western gardens. 
Owing to the sluggish habits of the female, its distribution by flight 
_ has undoubtedly been very slow. Its occurrence in New York, New 

_ Jersey, Ohio, Hlinois, Michigan, and Missouri has been known for a 
_ number of years, and it undoubtedly occupies intervening States. 
In 1904 we received reports of injuries by it in Pennsylvania, New 
_ York, Maryland, and Kansas; in that year it also appeared at Char- 
 lottesville, Va., and the following May reached the District of Colum- 
pia, where it has been quite abundant since. In 1908 it was reported 
injurious at Cincinnati, Ohio. 


Fig. 2.—American rose slug (Hndelomyia ros@): a, Larye, natural size, upper larva at 
work on upper surface of leaf, lower larva at rest on under surface; 6b, larva, dorsal 
view, enlarged; c, head of larva, more enlarged. (Original.) 


LIFE HISTORY. 


_ The parent sawflies issue from the earth at varying times from 
about the 1st of April, or earlier in the District of Columbia, to the 
third week in May, or, according to Harris, until the middle of June 
in Massachusetts, beginning at about the time when the roses first 
unfold their leaves and continuing until they are in full leaf. During 
_ this period pairing takes place and eggs are deposited. The females 
are particularly sluggish in the cool of morning and are not often seen 
in flight, resting during the greater part of the day on the leaves. 
When disturbed they draw up their legs and fall to the ground. The 
males, however, are quite lively, flying from one rose bush to another 


and hovering around their less active partners. 
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The female in depositing her eggs turns a little to one side, 
unsheaths her delicate saw-like ovipositor, and thrusts it between 
the two cuticles of a leaf, depositing a single egg in each incision. An 
egg is shown about natural size at d, figure 1, and much enlarged at e. 
The egg is of circular outline, much flattened, and measures about 
one-twentieth of an inch in diameter. Hatching begins in from 
ten days to two weeks after the eggs are deposited. 

The larve or slugs are to be found at work as early as the 1st of 
May in the District of Columbia, but their appearance in numbers is 
seldom noticed until the second or third week of that month. Obser- 
rations conducted at Washington, D. C., show that the periods men- 
tioned are subject to considerable variation. In 1905 the first 
sawfiies of the new generation appeared June 2. Owing to the 
irregularity of appearance of the parent “ flies,” larve of the first 
generation may be found at work for a period of five or six weeks. 
Feeding takes place chiefly at night, and always on the upper surface 
of the leaves, the lower surface, ribs, and midribs remaining as a 


skeleton (fig. 1, c). The leaves are practically always skeletonized, 


not eaten into as in the case of the other two rose slugs, except when 
the larve are nearly grown. During the daytime the larva usually 
rests concealed on the under surface of a leaf (fig. 2, a). 

Sometimes the larve are so abundant that not a leaf on a bush is 
spared, and the foliage looks as though it had been scorched by fire, 


and eventually drops off. The larvee are stated to be between two 


and three weeks in attaining their growth. They cast their skins 
several times, leaving them fastened to the leaves. After the last 
molting they lose their greenish hue and become opaque yellowish. 
They then descend into the earth to a depth of an inch or more, and 
each constructs for final transformation a somewhat fragile oval cell 
or cocoon coated with particles of earth. Here the insect remains as 
larva until the following spring, when it transforms to pupa shortly 
before issuance in May. 

The species is single-brooded, in which respect it resembles many 
other species of sawflies.7 


REMEDIES. 


This rose slug and the others which will be discussed are quite 
easily controlled by several different methods. 

Sprinkling with water.—A strong stream of water directed upon 
the plants from different sides by an ordinary garden hose or large 


“Tt is evident from Harris’s aceount (1. ¢.) that in ascribing two generations 
to this rose slug he must also have had the bristly rose slug under observation. 
Miss M. E. Murtfeldt writes on this head that she has disproved Harris's state- 
ment “by repeated rearing of the insect under close observation.” (41st Annual 
Rept. State Hort. Soc. Missouri, 1898, p, 288.) 
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syringe, if applied every day ‘or two, will soon rid rosebushes of the 
pest. This is at the same time an excellent remedy for rose aphides 
or plant-lice. "The insects are dislodged, fall to the ground, and are 
unable to return to reinfest the bushes. This remedy was tested 
practically by Dr. L. O. Howard many years ago. 

Paris green.—Where it is possible to apply them without danger 
of poisoning human beings or disfiguring the plants for ornament, 
different poisonous preparations are useful. Of these, Paris green, 
either dry or in solution, arsenate of lead, and white hellebore are 
good remedies. Paris green is best used as a spray in the proportion 
of an ounce to a gallon of water. Apphed dry, it 1s mixed with 20 
parts of flour or similar diluent and puffed on the plants by means of 
a powder bellows or insufflator. For use in large gardens, however, the 
poison is employed at the rate of 1 pound to from 75 to 125 gallons 
of water, lime being added in about the same proportion as Paris 
green to prevent scorching. For properly mixing and applying this 
insecticide a sprayer of good quality should be used. Sprinkhng 
with a watering pot or with a whisk broom will not answer the pur- 
pose and is, moreover, dangerous to tender fohage. The Paris green 
is first mixed with a small quantity of water into a fine paste before 
the bulk of water is added and should be churned in the sprayer or 
force pump until thoroughly blended. The resulting mixture, being 
a mechanical one, is not constant and the arsenical sinks to the bot- 
tom. The solution should therefore be constantly stirred while 
being applied in order that an even application may be made. In 
applying an arsenical spray an effort should be made to reach all of 
the leaves, which may be accomplished by spraying from two sides. 
Two or three applications will suffice for the spring generation of 
rose slugs. Scheele’s green and some other arsenicals can be used 
instead of Paris green. 

Arsenate of lead.—A still more valuable insecticide for such insects 
as rose slugs and other leaf feeders is arsenate of lead, but its use is 
open to the objection that it discolors the leafage, leaving a white 
deposit, which is not, however, permanent. It is applied in practi- 
cally the same manner as Paris green and is a less poisonous arsenical, 
and, being sold in paste form, is used at a considerably greater 
strength—about 1 pound combined with 15 to 25 gallons of water or 
Bordeaux mixture. Being adhesive, it adheres more firmly to the 
leafage and is much less likely to produce scorching.* 

Hellebore.—Hellebore is used at the rate of 1 ounce to from 2 to 3 
gallons of water, and kills by contact as well as by its poisonous effects 


7 Additional information in regard to the preparation and use of arsenate of 
lead and other insecticides is given in Farmers’ Bulletin 127, which may be 
had gratis on application to the U. S. Department of Agriculture. 
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when eaten by the insect. It is less poisonous to man than an arsen- 
ical, but not so effective to leaf-feeding larvee. It may also be applied 
dry mixed with about double its weight, or more, of powdered plaster — 
or cheap flour. 

When not in use the receptacles containing poisons should be 
plainly labeled “ Poison! ” and placed on a high shelf or in a locker 
out of the reach of children. Properly applied, there is no danger, 
in using an arsenical on ornamental plants, of poisoning human 
beings, or domestic animals other than rabbits or similar pets. 

Soaps and other washes.—Oily soaps, such as fish-oil or whale-oil 
soap, and other soaps, and tobacco water will kill these insects, but 
their use is open to the objection that if applied just before or at 
blossoming they are apt to injure the petals of delicate flowers, and 
whale-oil and tobacco also leave an unpleasant odor. A neutral 
soap, such as castile or that used by physicians and surgeons, leaves 
no odor. 

Dry powders.—F ine, sifted road dust, where this can be readily 
procured, is also of value thrown upon the plants, preferably by 
means of a powder bellows, as it closes the breathing pores of the 
larvee and thus kills them. Finely powdered lime, and buhach (Per- 
sian insect powder, or pyrethrum) are also effective. 

Hand picking.—lf rose slugs are picked off by hand upon their 
earliest appearance this will greatly reduce their numbers for the 
following year. In the adult or “fly” stage these insects may be 
easily captured by hand on cool mornings. Hand picking may be 
tedious, but it 1s effective. 

Fall cultivating—If other means that have been specified have not 
been utilized for the suppression of the slugs, many individuals may 
be destroyed by frequent cultivation of the soil between the rose 
plants during the late summer and autumn. This has the effect of 
breaking up their pupal cells and otherwise disturbing the insects so 
as to interfere with proper hibernation. 


THE BRISTLY ROSE SLUG. 
(Cladius pectinicornis Fourcr.) 


The bristly rose slug, called also the spiny rose slug, is the principal 
enemy of the rose in and near the District of Columbia, not excepting 
the rose-chafer. It is believed to have been brought in from Europe 
some time prior to 1833, since it was mentioned by Harris in his 
catalogue of Massachusetts insects of that date. In the early 
seventies it was reported from Connecticut and in after years it made 
its way westward and southward, doing more or less injury where- 


ever established. Since 1880 it has done much mischief in Wash- 
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ington, D. C. In 1886 it was reported from Lafayette, Ind. In 


1889 it was observed to be injurious at St. Charles, Mo. Soon after- 
wards it was recognized as a pest at St. Louis, where it attracted 


_ considerable attention. 


DESCRIPTION AND DISTRIBUTION. 


The adult of this species (fig. 3, a) differs considerably from that 
of the American rose slug, as will be readily seen by a comparison of 
the illustrations of the two forms. It is a larger insect and a mem- 
ber of a different genus. The wing expanse is about one-half of an 
inch for the female; a little shorter for the male. The ground color 
is black. The antenne are rather stout and acutely pointed, and in 


Fic. 3.—Bristly rose slug (Cladius pectinicornis): a, Adult female; b, antenna of male; 

c, larva; d, head of same; e, female pupa; f, cocoon. All enlarged. (Reengraved after 
- Riley, except d, original. 
the male the proximal joints, or those nearest the head, are pectinate 

-or comb-toothed (fig. 3, 6), which has given rise to the specific name 
pectinicornis. 

The egg (fig. 4, a) is white, flattened, rounded, stoutest at the 
anterior end, and more pointed at the opposite end. It measures about 
0.8 mm. in length. | | | 

The larva or slug, shown in figure 3, c, and figure 4, c, d, varies 
from yellowish to glaucous green, and the whole surface is quite 
bristly, especially at the sides, a character from which this larva de- 
rives its common name and which will distinguish it from the other 
two that feed upon the rose. The length when full grown is a little 
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more than three-fifths of an inch and the diameter is between one- 
tenth and two-tenths of an inch. 
The pupa (fig. 3, ¢) is grayish green, the thorax and end of thal | 


body are slightly yellowish, and the antennz, wing-sheaths, and legs — 
are white with a slight greenish tinge.’ 

The distribution inehuaee the States of Massachusetts, Connecticut, 
New York, New Jersey, Pennsylvania, Maryland, the District off 
Columbia, Indiana, Illinois, and Missouri. 

It is generally distributed on the continent of Hurope and occurs 


oon 


also in England and Scotland. 
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Fic. 4.—Bristly rose slug (Cladius pectinicornis): a, Egg; 6b, portion of leaf showing 
eggs in situ and work of young larve: c, d, lateral and dorsal aspects of middle seg- 
ment of newly hatched larva; e, larval claw; f, rose leaf showing nature of defoliation. 
All except f enlarged. (Reengraved after Riley.) 


\ LIFE HISTORY. 


The bristly rose slug differs considerably from the preceding in its 
hfe economy. Its appearance at Washington, D. C., and at St. Louis, 
Mo., has been observed from the latter days of April to the third 
week of May, beginning about the time that the first rose leaves are 
put forth. Its eggs are inserted in the upper surface of the petiole 
of the leaf and are deposited in rows of three or more together. 

The slug in its earliest stage skeletonizes the leaves, leaving whitish 
blotches and small holes (fig. 4, 7), but with increased growth it eats 
lar ge, irregular pales in the Pee (fig. 4, 6), devouring the entire sub- 


ie More aarnica dedenipticns of the stages are furnished in C. V. Riley’s 
article, Insect Life, Vol. V, pp. 6-11, which includes accounts of the other two 
species here treated. 


[Cir. 165] 


_ feeding, the slug rests in concealment on the lower surface of a leaf, 
and does not feed on the upper surface, as does the American rose 
slug. Upon attaining full growth it does not, like the latter, aban- 
don the plant upon which it has fed until the final generation. Indi- 
cations are that there may be three and, in some seasons in its 
southernmost range, perhaps four generations produced each year, 
) larve occurring as early as the 1st of May and as late as the Ist 
of November. In northern Europe two generations are recognized.¢ 
The larve of the earlier generations spin their cocoons (fig. 3, f), 
which are composed partly of silk and partly of a glutinous sub- 
stance, upon the lower surface of the leaves, or on twigs or near-by 
- objects, usually surrounding them with an irregular fringe. The last 
or autumn generation forms its cocoons among fallen leaves and other 
rubbish about the base of the rose bushes. 
4 The egg period in late April and early in May has been observed 
in the District of Columbia to last for from seven to ten days, and 
_ the young larve begin feeding in the first and second weeks of May. 
-Larve grow rapidly, and cocoons have been found by the middle of 
“May. The pupal period observed was fifteen days, so that the second 
brood of flies may appear before the end of May. This second gen- 
eration begins work about the second week in June, but during July 
there is a comparative cessation, presumably between the second and 
third broods of worms, when fresh growth is little affected. 
Mr. G. Pauls, St. Louis Altenheim, St. Louis, Mo., wrote in regard 
to observations conducted by him on this species at St. Louis in 1904. 
The sawfly continued depositing eggs up to September 17. October 
14 he placed larve in a jar; three transformed to pupx October 17, 
19, and 24 and issued. March 30 to April 10 of the following year. 
One larva pupated October 16 and issued March 22, having passed 
about five months in the pupal stage. This shows considerable varia- 
tion in the time of issuing indoors, and would probably be duplicated 
to a certain extent in the open. April 29 he observed the sawfly 
depositing eggs on the leaves. 


NATURAL ENEMIES. 


No natural enemies of this rose slug appear to have been recog- 
nized in America, but in Europe it is preyed upon by two parasites, 
Acrotomus lucidulus Grav. and Mesochorus cimbicis Ratz. 


“Various European authors have written on this species. One of the most 
accessible general articles is that by M. S. C. Snellen van Vollenhoven, trans- 
lated from the Dutch by J. W. May and published in The Entomologist, Vol. 
VIII, 1875, pp. 26-29. 
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REMEDIES. . 


The same remedies advised against the American rose slug are em-— 
ployed against the present species, with the exception of fall cultiva- 
tion, which is practically useless when applied to it, owing to the 
fact that the cocoons are formed upon the plants on the surface of — 
the ground and not buried in the earth as with the preceding species. 
ee there are more than one generation of this slug, sprinkling 
with water and spraying with poisons must be repeated several times 
in order to produce the desired results; in short, as often as the 
insects reappear upon the plants, from April to October, according to 
locality. 


THE COILED ROSE SLUG. 
(Emphytus cinctus L.%) 


The third of the rose slugs under consideration, the coiled rose 
slug, 1s a comparatively recent importation. As with the two pre- 
ceding species, it first attracted attention near Boston, Mass., but 
not until the year 1887." It is probable, however, as in the case of 
most European insects introduced into this country, that its importa- 
tion was accomplished at a considerably earlier date. Reasoning 
from analogy, this insect might have been brought from the mother 
country on potted roses ten or twenty years earlier than the date 
specified, as that length of time 1s sometimes necessary for a foreign 
insect to become permanently established so as to attract attention 
by its injuries. 

DESCRIPTION AND DISTRIBUTION. 


From the two preceding species this insect may be Avo) sepa- 
rated on account of its larger size in the adult stage (fig. 5,@a). It has 
nearly transparent wings, and a wide band which crosses its shining 
black abdomen near the middle. The body is comparatively slender, 
and the head longer than in the other two species. The wing expanse 
is about five-eighths of an inch and the length of the body about three- 
elghths of an inch. 

The larva when mature is about three-fourths of an inch long and 
differs notably from the other two species here considered in being 
perfectly smooth. It is cylindrical and tapers very slightly toward 
the posterior extremity. The color is metallic green above, orna- 
mented with small white dots, and the lower surface, including the 
legs, is grayish white. The head (fig. 5, ¢) is yellowish orange, with 
a clatite brownish-black stripe down CE middle. The / eageS black, 


*Emphytus cinctipes Nort. is recognized as a synonym. 
6J. G. Jack, Garden and Forest, Mar. 26, 1890, pp. 151-152. 
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The first thoracic segment is blue and the last two are gray.* The 


larva habitually rests in the coiled or curled position shown in 


figure 5, 6, one that is never assumed by either of the other rose slugs, 
and it is from this habit that it derives its English name. 


In addition to Boston, it has been authentically reported from 
Jamaica Plain, Roxbury, and New Bedford, Mass.; portions of 
Maine; Allegheny, Pa.; New York, and Canada. In the Eastern 
Hemisphere this species ranges over the major portion of Europe, 
extending into Siberia. 


NATURAL HISTORY. 
The coiled rose slug is credited with being double-brooded, and as 


it extends its range southward it will probably produce a third gen- 
eration, since we know of the appearance of the “ worm” from May 


Fic. 5.—Coiled rose slug (Hmphytus cinctus): a, Adult female; b, full-grown larva; c, 
head of same; d, work on plant; e, e€é, young larve at work. d, e, Natural size; a, b, 
enlarged ; c, more enlarged. (Reengraved after Riley.) 

to October. Eggs are deposited singly on the underside of the 

leaves to the observed number of from three to seven. This slug 

differs from the others in devouring the entire substance of a leaf, 


feeding along the edges with its body coiled beneath it, and when at 


rest remaining curled in a ball on the lower surface (see fig. 5, e). 
Upon reaching maturity the slug deserts the leaves and bores into 
the pith of the stems of dead rose bushes or other available plants, 
and here the pupal state is passed, the fall generation hibernating to 
emerge the following May. At Boston, Mass, the adults have also 
been observed in July, this indicating the first new generation. 


“A more technical description by Dr. H. G. Dyar is given in the Canadian ° 
Entomologist, Vol. XXVI, p. 186. 
[Cir. 105] 
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NATURAL ENEMIES. 


A parasitic enemy of this species was reared by the writer from. 
larvee received from Allegheny, Pa., in 1904. It issued October 20, 


and proved to be a tachina fly, Zachina rustica Fall. 
In Europe an ichneumon fly, Cryptus emphytorum Boie., is para- 
sitic upon this sawfly. 


REMEDIES. 


The remedies are the same as for the American rose slug, subject, 
however, to the same changes as for the bristly rose slug. 


Approved : 
JAMES WILSON, 
Secretary of Agriculture. 


Wasuineton, D. C., August 4, 1908. 
[Cir. 105] 
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is 


: THE WHEAT STRAWWORM. 


(Isosoma grande Riley.) 
By F. M. WEBSTER, 
In Charge of Cereal and Forage Plant Insect Investigations, 
AND 
Gero. I. REEVEs, 


Assistant in Cereal and Forage Plant Insect Investigations.4 


The wheat strawworm (fig. 1) sustains about the same relations to 
winter-wheat culture west of the Mississippi River 
that the jomt worm (Jsosoma tritici Fitch) does 
to the cultivation of this cereal east of this river. 

Both, when excessively abundant, occasion losses 
varying from slight to total. A wheat stem at- 
cked by the jointworm may produce grain of a 
ore or less inferior quality and less of it; but the 
pring attack of the wheat strawworm Gs 5) is 
‘tal to the plant affected, as no grain at all is pro- 
_ .uced; and while the second generation of the 
ame fe a less disastrous effect in the field, it 
_-evertheless reduces the grade and weight of the 
rain. 

In the Ohio Valley and south of Pennsylvania 
ue ranges of these two insects overlap (ag. 2): 
oth species are often to be found in the same 
eld, the wheat strawworm, however, being less 

‘ canine and doing usually but shen injury, 

‘ile the jointworm occasionally becomes a seri- 

is pest. 


c of asi the last two years Mr. Reeves has been engaged 
the investigation of this pest in the State of W ashington 
ir cooperation with the agricultural experiment station of 
}t. t State.. With the exception of the statements made 
| elutive to the behavior of the pest in the Northwest, for pie. 1. Larva Of soseine 
aich exclusive credit is to be given the junior author, the = grande in wheat straw. 
_or author is responsible for the circular. EE) 
5 See Circular No. 66, Bureau of Entomology, Uni tex States Department of Agri- 
ulture, 1905. 
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West of the Mississippi River, throughout the winter-wheat grow- 
ing territory, the jomtworm, if it occurs at all, is never destructive. — 
The wheat strawworm, on the other hand, appears to be generally 
distributed, at times committing very serious depredations which 
have, at least in some cases, been charged to the Hessian fly, as shown 
by the fact that some of these ravages have occurred in sections where 
the Hessian fly is not known to exist. Besides, while the Hessian fly is 
manageable with more or less difficulty, the wheat strawworm is 


key. 
% SGOSOMA TFIT/C/ Fikh. 


Fia. 2.—Present known distribution of Isosoma grande and Isosoma tritici in the United States. 
(Original. ) 


one of the easiest of all insect pests to control by entirely practical 
measures. Indeed, it need not be allowed to become a pest at all. 


DESCRIPTIONS AND SEASONAL DEVELOPMENT, 


There are two generations of the insect annually, the adults of the 
first generation (fig. 3) differing considerably in appearance from 
those of the second (fig. 4). To the farmer they will all look like 
minute or large, shining black ants, with or without wings, their legs 
more or less banded with yellow, and having red eyes. Individuals 
of the first generation emerge in April from the outstanding straws 
and stubble. They are very small, most of them are females, and 
many are wingless. ‘The females deposit their eggs in the young wheat 
plants, the stems of which at this time extend but little above the 
surface of the ground. The egg is placed in or just below the embry- 
onic wheat head (see fig. 6) and the larva or- worm works within the 
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stem, usually causing a slight enlargement. When the worm is full- 


grown it will be found in the crown of the plant, having eaten out 


and totally destroyed the embryonic head, its 
body occupying the cavity thus formed. 

The females (fig. 3) which deposit these eggs, 
being small and frequently wingless, are in no 
way fitted for traveling long distances. The 
larva or worm (fig. 1) is of a very light straw 
color, indeed almost white, with brown jaws, the 
form of the body being as shown in the illustra- 
tion. These worms develop very rapidly and, 
as they feed on the most nutritious part of the 
plant, they become robust and larger than those 
found in the mature straw in late summer. In 
May the larve become full grown (fig. 5) and pass 
at once through a short pupal stage. (See fig. 7.) 
The pup are at first the same color as the larve, 
but later change to a shining jet black. In a few 
days the fully developed insects gnaw circular 


Fig. 3.—Wingless adult of 
the spring form of Jsosoma 
grande. (Original.) 


holes through the walls of the stem and make their way out. These 
adults (fig. 4) are much larger and more robust than the individuals of 


Fic. 4.—Isosoma grande: Adult female, summer form. 


( Original.) 


the first generation and are provided with fully developed, serviceable 
wings. That they make good use of their wings, and scatter them- 
selves about over fields adjacent to their place of development, is 
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shown by their occurrence in fields of grasses (in the stems of which 
they do not breed) situated considerable distances from wheat fields. 
In ovipositing, the females of this generation select the largest and 
most vigorous-growing stems in which to place their eggs. 

The adults of the second generation deposit their eggs from early 
May, in Texas, up to the middle of June, in northern Indiana, or 
about the time the wheat is heading. Their aim at this time is to 
place the eggs singly in the growing stem just above the youngest 
and most succulent joints, which are not so covered by the enfolding 
leaf sheaths as to be inaccessible to them (see fig. 8). Thus it is that 
the stage of advancement in the growth of the wheat stems at the 
time of oviposition of the summer generation of 
females determines whether the larvee will be well 
upward in the straw, and therefore removed after 
harvest, or lower down and consequently left in 
the field in the stubble. 3 

The method of oviposition and the point where 
the egg is usually inserted are shown in figure 8. 
The shape of the egg after being placed in the stem 
is also shown in the same figure. The larva forms 
no gall, nor does it harden the stem within which 
it develops. There is normally but one larva in 
each joint; but if several eggs have been placed 
between joints and produce larve there will be 
one in the center of the stem just above the jomt 
and others in the walls just under the internal 
wall covering or inner epidermis. These larvee in 
the walls of the straw do not, as a rule, kill the 
Fic. 5.—Larva of the stem, but their effect is to shrink kernels, curtail- 

ee puny She ing the yield by reducing the weight. The larve 
tena; f, jaw. Lineat develop rapidly and reach their full growth before 
eae es Bee the straw has hardened. By October, in the Mid- 
dle West, though earlier in the South, they pass 

into the pupal stage, in which, as a rule, they remain until early 
spring, whereupon they develop to adults and gnaw their way out. 


HISTORY OF THE SPECIES. 


In June, 1880, Mr. J. K. P. Wallace, of Andersonville, Tenn., sent 
wheat straws containing larvee of this species to Dr. C. V. Riley, then 
Government Entomologist, with the statement that nearly every 
straw in his field was infested by similar larvee and as a consequence 
was inclined to fall before the grain had fully ripened. It was from 
these straws that the types of Jsosoma tritici Riley were secured. In 
October, and later on in 1881, Mr. J. G. Barlow, of Cadet, Mo., sent 
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Doctor Riley many infested straws, from which adults of the spring 
form were afterwards reared. At Carbondale, Ill., in June, 1882, 
Prof. G. H. French found the species infesting wheat fields, in some 
cases 93 per cent of the straws being affected and from one to three 
larvee being found in each straw.% 

September 16, 1882, straws containing pupe and an occasional 
larva were received by Doctor Riley from Mr. J. A. Starner, Dayton, 
Columbia County, Wash. On October 1, 1883, the senior author 
received infested straws from 

Stockton, Cal., through Professor | 
French, and from these he was i 
able to rear the spring form of i\ 
adults during the following Febru- | 
ary. On May 8, 1884, he found 

adults abroad in a wheat field near 

Bloomington, Ill On May 9 

oviposition was observed, larve — 
were found in the wheat plants 

May 28, and a single pupa was 

found on the following day, all m 

the same field of growimg wheat. 

Straw taken from this same field 

early in the following July pro- 

duced the spring form of this 

species the following spring — 

April, 1885. 

At Oxford, Ind., June 6, 1884, 

the senior author found large 

winged adults of the summer form 

ovipositing im the stems of grow- 

ing wheat, and in a small devel- % 
oped stem like those observed in RY 

May, about Bloomington, Ill. , a Fic. 6.—Isosoma grande: Showing point where 


ae, female of the spring form deposits the egg in 
living pupa was found. Straws young wheat in early sprlng. Enlarged, show- 


from the Oxford field gave pre- ing position of egg, at right. (Original.) 

cisely the same form the following April as did the straw from 
Bloomington. The larger form, observed at Oxford June 6 and 
later, was also collected in fields about Bloomington a few days 
earlier. Larve of this larger form were found in wheat fields in 
southern Illinois in May, and the adults were observed in the same 
section of country in late May and early June by Prof. H. Garman, 
at that time assistant to Dr. S. A. Forbes. Doctor Riley de- 


a Prairie Farmer, July 8, 1882. 
6 Fourteenth Rep. State Ent. Ill., pp. 34-37, 1885. 
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scribed this larger form as a new species, giving it the name grande.% — | 
During the years 1884 and 1885, however, the senior author — 
reared Riley’s Isosoma tritici from straws in which only his J. — 
grande had oviposited and his J. grande from plants to which only ~ 
I. tritici had access. -As this last name had been applied by Doctor 
Fitch many years earlier to an- 
other insect, the jointworm, the 
name grande must necessarily be 
given to both forms. 


BUREAU NOTES AND OBSERVA- 
TIONS BY ASSISTANTS. 


Strangely enough, one of the 
earliest reports of this species 
came from Mr. J. A. Starner, 
Dayton, Columbia County, Wash. 
Infested straws containing a few 
larve, but mostly pups, were 
received September 16, 1882, 
showing that even at that early 
date it was sufficiently abundant 
to attract the attention of farm- 
ers. Mr. D. W. Coquillett found 
it at Anaheim and Atwater, Cal., 
in 1885, while Mr. Albert Koe- 
bele found it during the same 
year at Folsom, Cal. It was 
also sent to the Department by 
Mr. J. F. Donkin, from Grayson, 
Cal., during the same year. In 
1885 Prof. F. H. Snow reported 
it as doing serious injury in 
McPherson, Morris, Osborne, 
Ottawa, and Saline counties, 

ASX Kans., and mentioned it as a 

Fic. 7.—Isosoma grande: Pupa of summer form in yew pest,° and in ¢S9ieai--was 

young wheat. (Original.) ° 

prevalent in central and west- 

ern Kansas.¢ In 1886 Mr. Coquillett found it at Los Angeles, Cal. 
During August, 1890, infested straws from Washington State were 
received at the Department from Moses Bull, Pullman; J. W. Jessup, 
Rosalia; G. W. Dunn, Tekoa; and Milton Evans, Walla Walla. 


a4 Bul. Brooklyn Ent. Soc., 1884, pp. 11-12. 
b Monthly Rep. Kans. Bd. Agr., June, 1885. 
¢ Loc. cit., Feb., 1892. 
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Although there were no reports of damage in the spring, injury was 


- sufficiently marked to attract the attention of farmers, and from 
these one frequently hears, even up to the present time, descriptions 


and reminiscences of what seems to have been the first serious out- 
break of the pest in the United States. 

The senior author found the species abundant but not destructive 
at Princeton, Ind.,in 1887 and again in 1902. June 27, 1893, infested 


_ straws were sent to the Department of Agriculture by Mr. E. J. 


Woodville, Indiantown, Va. In 1905 the junior author found the 


- species infesting growing wheat about Conway, Ark., April 7, the 
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larve being apparently full grown; and at Petty, Tex., April 14, he 
found larve and pup present in great numbers, in some cases 50 
per cent of the young wheat plants being infested. He also found 
half- grown larve at Concordia, 
Kans., April 21. Durmg the same 
year the senior author found larvee 
in young wheat at Lexington, N.C., 
April 12; and at Statesville, N. C., 
on the following day, he found not 
only larve in the young plants, but 
females of the spring form in the act 
of ovipositing. At Charlotte, N. C., 
April 14, larve and pupz were found 
abundantly in the young wheat. On 
the 18th of the same month young 
larve were found in young wheat 
plants at Dubhn, Va. Mr. ANE J. Fig. 8.—Method of oviposition of female 
Phillips found the species quite nu- of summer form of Jsosoma grande: a, 
merous in young wheat plants at Pam tng ber ers, 0 soton of 
Nashville, Tenn., April 20, and egg, greatly magnified; c’, egg in position i. 
studied the oviposition of both forms Pane Vesta ey a sOMIDOSTLOE enter 
at Richmond, Ind., from May 26 to ee ere 

June 27. June 16 the Bureau received infested straws from Mr. H. W. 
Joy, Hays, Kans. On May 24 of the following year, Mr. Phillips found 
the species abundant at Geneva, Ind., where the females of the summer 
form were just beginning to emerge from the young wheat; and the 
senior author observed it again at Charlotte, N. C., May 9, with indica- 
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tions that it had done considerable injury to young wheat. Mr. 


Phillips observed it during 1907 at Kingfisher, Okla., and at Beloit, 
Kans., on April 15; at Lenora, Kans., May 20; and at Kearney, Nebr., 
May 24. In all cases it was more or less abundant. June 1 of the 
same year Mr. C. N. Ainslie found adults of the spring form at 
Wellington, Kans.; from April 30 to May 7 he found the adult females 
of this form abroad in the fields at Sterling, Kans.; and on May 26 he 
found them ovipositing in wheat at Hays, Kans., and other points 
[Cir. 106] 
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farther west. He found them ovipositing in durum wheat at Oakley, — 

Kans., June 3, and on the following day also in durum wheat at 
Colby, Kans. Again, June 8, he found them abroad in wheat fields 
at Manhattan, Kans. Females of the summer form were observed by | 


Mr. E. O. G. Kelly ovipositing at Caldwell, Kans., May 14, 1908. 


| 


3 


May 26 to 28, 1908, Mr. Ainslie found both sexes, the females ovi- — 


positing, near Chambersburg, Pa. ‘This is the farthest east that we 
have any record of the existence of the species, the most eastern 
point of occurrence previously known being at Andover, in extreme 


northeastern Ohio, where the senior author found the larve in wheat — 


straw, August, 1904. 
As will be observed from the foregoing, the adult female emerges 


early in spring and deposits her eggs in the young wheat plants before | 


the latter have made much growth. By the time wheat is beginning 


to show the heads within the enfolding sheath leaves, adults of the 


Fie. 9.—Eupelmus allynti: Male, much en- Fig. 10.—Eupelmus allynii: Female, much enlarged. 
larged. (From Riley.) (From Riley.) 


second generation are abroad and depositing in the upper stems; the 
larve from these pass the winter as pupe and emerge as adults early 
the following spring, exact dates of course varying with the latitude 
and other influences. 


NATURAL ENEMIES. 


Probably the most efficient enemy of this species is a small, slender, 
four-winged fly (figs. 9, 10), with a somewhat brilliant metallic body 
and yellow legs. It has a very slight resemblance to an Isosoma, and, 
indeed, was described by French as Jsosoma allynui, but it is now 
known as Hupelmus allyniv. A somewhat similar insect with metallic 
body and yellow abdomen, Semiotellus isosomatis Riley (fig. 11), is 
very efficient in destroying the larve in the straw. Homoporus 
(Semiotellus) chaleidiphagus Walsh (fig. 12), and beyond a doubt 
other chalcidids, are also instrumental in holding it in check. These 
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‘parasites are all the more efficient as they are double-brooded, 


| developing in late summer and at once ovipositing in other larve. 


In 1908, at Wellington, Kans., Mr. E. O. G. Kelly, beginning April 
10 with the larvz in the straw, followed the insect up to June 4, wit- 
nessing oviposition in both the spring and summer forms. Through 
the remainder of June and most of July he was absent, and on his 
return he was unable to find the larvee in the straw, although stubble 
' and straws perforated with holes made by the escaping parasites were 
' found everywhere in the fields. On account of the abundance of such 
evidence in the fields, Mr. Kelly was convinced that the pest had been 
largely overcome in that locality by Eupelmus allyni. At Pratt, 
 Kans., November 17, a few larve were found in wheat straws, with 
indications that parasites had been present to a limited extent, and 
practically the same situation was found to occur at Sedgwick, Kans., 
the following day. Quite significant, however, was the fact that in 
the vicinity of Pratt, on September 16, Mr. T. D. Urbahns found in an 


Fie. 11.—Semiotellus isosomatis: Parasite of Fig. 12.—Homoporus chalcidiphagus: Parasite of 
Tsosoma grande. Greatly enlarged. ( Original.) Isosoma grande. Greatly enlarged. (Original.) 


old wheat field not a single living Isosoma larva, while 85 per cent of 
the straws gave unmistakable evidence by the holes in them that 
these larvee had been present, but were destroyed by parasites. 

Quite in accord with this it will be remarked that the junior author, 
in his discussion of the outbreak of the pest in Washington State, in 
1908, does not mention parasites at all—not because he overlooked 
the matter, but because he reared only a single individual parasite, 
probably Semiotellus isosomatis Riley, and there was no evidence of 
-the presence of parasites in any numbers in the section of country 
visited by him. This will perhaps throw some light upon the prime 
causes of this outbreak. Besides, it opened the way for an intro- 
duction into Washington State of the parasites affecting the pest in 
the East. It is as yet too soon, however, to expect definite results 
from these introductions. 

In Indiana and the Middle West when the wheat is harvested the 
straw is frequently, and, in fact, almost invariably, cut off between 
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joints, thus leaving the larvee, if there are such in the straws at that 


point, exposed to attack from predaceous insects. The larve of a — 


small, slender, black and yellow carabid beetle (Leptotrachelus dor- 
salis Fab.) crawls up the stalks, descends into the stubble, and devours 
the Isosoma larve, but unfortunately its taste is such that it does not 
confine itself strictly to Isosoma but devours parasite as well as host. 
The mite Pediculoides (Heteropus) ventricosus (fig. 13) is also an 
enemy, gaining access to the larve precisely as do the beetle larvee 
previously mentioned. 


PREVENTIVE MEASURES. 


There are no remedial measures, since it is impossible to alleviate 
or influence in any way the effect of larvee in the infested wheat plants. 
As it is the larger and more vigorous plants that the females select for 
egg-laying purposes, no amount of enriching the 
soil will affect the numbers of the pest or lessen their 
influence. Preventive measures are, however, sim- 
ple, practicable, and effective. Indeed, the wheat- 
straw worm is one of the very easiest of all insects 
to control. The diminutive size of the female that 
emerges in early spring renders extended migrations 
fatal, since during that period, when the weather is, 
of all seasons, the most erratic and liable to sudden 
and extreme changes, it tries to avoid the frequent 
= storms by seeking protection on the underside of the 
Fig. 13.—Pedieulordes. leaves of the growing plants. But, most fortunate 

ventricosusNewP2 of all for. the farmer, large numbers, if not indeed 

mite w ys 2 

the larva. Much much the greater proportion, of these females have 

Mart). - no Wings and can only make their way from place 
to place by crawling. 

The advantage of all of this to the farmer is shown by the fact that, 
where the preceding crop has been other than wheat, the injury to ce 
young wheat plants in spring is confined to the eae and especially 
where such margins border on other fields that have.been devoted to 
wheat for a number of consecutive years. Mr. Reeves, as will be ob- 
served further on in this publication, has been able to measure the 
relative diminution of attack from the borders of the field inward 
toward the center. Similar observations had previously been made 
in other sections of the country. One of the earliest notes made on 
this species by the senior author was in June, 1884, in a field of wheat 
sown the previous autumn, among corn, the land bordering to the 
south on a stubble field. The following spring there were many 
wheat plants injured along the south margin of the field, but none 


could be found along the northern border. With the appearance of 
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she second generation, composed of large, vigorous females with well- 
_ developed wings, the diffusion would become comparatively general, 
and, therefore, the second year, if the field were to be continued in 
_ wheat, would find the infestation more nearly uniform throughout. 
 Itis significant, too, that the pest becomes much more destructive 
the longer wheat is grown continuously on the same ground. As early 
as 1882 Prof. G. H. French observed that while 93 per cent of the 
straws were infested in a field where the same grain had been grown 
the year before, in a field where clover had been grown the previous 
_ year only about 5 per cent of the straws were infested. At Petty, 
1 Tex., April 14, 1905, the junior author found a field of wheat that had 
_ been in this grain for two consecutive years very seriously injured. 
_ There were spots several yards square where the ground was bare, 
and surrounding these were areas where half of the living plants were 
infested. At Sawyer, Kans., in an old field, Mr. Urbahns found that 
85 per cent of the straws gave unmistakable evidence of having been 
infested. All of this points conclusively to the efficiency of a rotation 
of crops that will eliminate the growing of wheat two years in succes- 
sion on the same land. Where for any reason this can not be done, 
the measure next in efficiency will be the burning of the stubble and 
outstanding straw during the fall or wintér. 


RELATIONS OF THE WHEAT STRAWWORM TO WHEAT PRODUCTION IN 
THE NORTHWEST. 


By Geo. I. REEVEs. 


The wheat strawworm, by reason of its relation to both the climate 
and the farm methods of the most productive portion of the Pacific 
Northwest, is capable of great injury to wheat growers. Though 
its greatest inroads are made upon spring wheat, it is winter and 
volunteer wheat which render those inroads possible. Its work is 
of such nature that it passes unobserved, unless an attack of unusual 
severity causes the farmer to scrutinize his fields more closely than 
he is accustomed to do. The constant small losses occasioned by 
this insect and the possible destruction of the crop over considerable 
areas may be prevented by such measures as every good farmer 
employs to maintain the fertility of his soil, secure a good seed bed, 
retain moisture, and eradicate weeds. 

_ The strawworm may be found wherever wheat is grown in the 
Columbia basin, that great and fertile plain of varying topography 
and climate which is inclosed by the Okanagan Highlands on the 
north, the Rocky Mountains on the east, the Blue Mountains on the 
south, and the Cascade Mountains on the west; but it is not equally 
destructive over all that territory. The central and western parts 
of this basin, except in the Goldendale and Horse Heaven districts, 
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are arid, producing little or no wheat, and a strip east of this, known 
as the dry-farming region, where the scanty rainfall makes it nec- — 
essary to summer-fallow the land every second year, is by that — 
means protected from serious injury; but the eastern zone, a strip _ 
200 miles long, included between the dry-farming area and the upper 
limit of wheat culture at the elevation of 3,000 feet, affords ideal | 
conditions for the production of small grains and also for the prop- _ 
agation of this insect. The climate is characterized by mild winters 
suitable for the growing of winter wheat—cold, wet spring weather, 
such as is desirable for all small grains, and hot, dry summers per- 
fectly adapted to the maturing and harvesting of the crop. The 
soil is such that after more than thirty years of almost continuous 
production it still yields 30 to 40 bushels of wheat per acre. These 
conditions encourage the seeding of wheat year after year upon the 
same ground, and such a practice, together with the presence of — 
winter or late volunteer wheat, supplies the requirements for the 
unhindered multiplication of the strawworm. Owing to the drought 
of summer the volunteer wheat usually does not germinate until — 
about the same time as the fall-sown wheat, and the significance of 
this fact appears when we come to study the insect’s life history. 
This Isosoma passes the winter in the larval (fig. 1) or pupal 
(fig. 7) stage and reaches maturity early in April. It gnaws its 
way out of the stubble in which it has hibernated and deposits its 
eggs in the heart of the young plants of winter or volunteer wheat 
(fig. 6), which must be near the place of emergence, since this early 
generation is largely wingless (fig. 3), and its effective range as 
measured by the spread into an adjoming field is not much more 
than 12 feet. The food plants of the early generation may be sup- 
plied by winter wheat or by volunteer wheat not too far advanced 
to attract the insect. The oviposition is finished before any spring 
wheat is up, so that that crop suffers no attack from the first genera- 
tion. The winter and volunteer wheats lend an essential aid to the 
perpetuation of the species. } 
The larva (fig. 5), when it hatches from the egg, is surrounded by 
the most delicate tissues of the plant and feeds upon them, destroy- 
ing the young head and thus excavating a residence to accommodate 
its rapidly increasing size. The outer, tougher layers, which it 
does not attack, gradually become fleshy, stiff, and brittle, forming 
a hollow, bulblike swelling at the base of the plant. This enlarge- 
ment is discernible from the outside of the infested plant, and its 
presence may be verified by squeezing the crown of the plant be- 
tween the fingers, whereupon the bulb at first firmly resists pressure 
and then breaks open, disclosing the larva. The infested plant 
suffers a change in external form, which causes it to resemble wheat 
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injured by the Hessian fly and by Meromyza, but it may usually 


be distinguished from the former by the curly and slightly fleshy 
- form of the blades; from the latter by the absence of the brown, 


threadlike central shoot, as well as the form of the blades; and from 


both by the presence of the crisp bulb at the crown. The lower 


_ blades are broad, dark bluish green, curly, and slightly fleshy, because 


_ they arise between the root and the point of injury and thus receive 


' the sap that is being diverted by the larva from the main growing 


cum 


point of the plant. The plant, when attacked thus early at the 
heart, remains low, does not produce any head, and perishes when 


the lower blades of the plants naturally die, about the middle of 
'June. At about the same time the adults of the second genera- 


tion (fig. 4) begin to emerge from these plants and deposit eggs 
upon the wheat. These insects, as were those of the first generation, 
are nearly all females, and they also reproduce without the assist- 
ance of males, but they differ from the earlier form in being larger 
and in possessing wings, which enable them to attack fields at a 
distance from their origin. They prefer the younger plants, and as 


_ the spring wheat is small at this time, while the winter wheat is old 
and tough, the summer attack is concentrated upon spring wheat, 


if there be any in the vicinity. They attack it in much the same 


way that the spring generation employs upon the young winter 
wheat, and with the same result; the smaller plants simulate a 
luxuriant growth, but remain short and soon die; the larger ones 
-_ may produce heads, a few inches: above ground, but such heads 
' contain no kernels. Thirty acres of spring wheat near Colfax, Wash.., 
_ were completely ruined in this manner in the summer of 1907. 
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Since spring wheat is not so extensively grown as formerly in this 
region, the summer adults are often compelled to oviposit in winter 
wheat, and in those cases the plant is less severely injured, because 
it is old and tough; but the larva of the insect and the resulting 
adult take the same form and size whether they develop in the tender 
spring wheat or in the more mature winter wheat. The succulence 
of the former does not cause an increase in the size of the larve which 
feed upon it, nor does it produce a larger proportion of winged indi- 
viduals among the adults. On the contrary, it seems that austere 


and unfavorable circumstances tend to increase the number of winged 


adults, as a large percentage of those reared from stubble collected 
at Goldendale, St. Germain, and Waterville, Wash., in the arid dis- 
trict, have wings. The egg is placed in a tender joint near the head 
(fig. 8) and the larva hatches and gnaws the inner surface of the 


_ stalk, too late to prevent the formation of the head, but early enough 


to shorten it and hinder the filling of the kernels. To ascertain the 
amount of this injury 1,452 heads taken from an apparently unin- 
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jured field of winter wheat near Pullman, Wash., were dried and 
weighed. Thirty-nine per cent of these were afterwards found t 
have grown upon stems damaged by the strawworm, and the average 
weight of the heads from these damaged stems was 22 per cent below - 
the average of healthy heads, although no difference in size was 
noticeable until the heads were placed side by side, when it was found. 
that most of the larger heads were those from uninjured plants, | 
while most of the shorter ones were from infested plants. Between 
heads of the same size there was a difference of 7 per cent, which 
could not be detected except by weighing. 

Both the work of the spring brood in fall wheat and that of the 
summer brood in spring and winter wheat are so carried on that the 
owner does not know of his loss unless it amounts to a very large per- 
centage of the crop, and even then he may attribute it to some other 
cause. ‘The presence of a large number of unusually rank and appar- 
ently sturdy plants among the winter wheat does not seem alarming, 
but the reverse; and there is no other indication of work of the spring 
brood. Later, when these infested plants begin to die they are con- 
cealed by the yellowing blades of the healthy plants, so that even the 
trained entomologist can hardly find them. The same is true of the 
spring wheat which is attacked by the summer brood, while winter 
wheat plants attacked by the summer brood are, as we have just 
shown, so little altered in appearance that the presence of the insect 
can be detected only by weighing the heads or splitting the stems to 
look within for the larve. 

Many of the larve remain in the stubble if the grain is cut with a 
harvester, and most of them if it is cut with a header. They begin 
to pupate during the latter half of July, but many remain in the larval 
condition until May of the following year. 

The life history just related shows that strawworm injury is in- 
duced by growing crops of winter wheat repeatedly upon the same 
eround; by leaving volunteer plants among the spring wheat; by 
allowing summer fallow to grow foul with volunteer wheat, even at 
a distance from wheat fields; and by growing spring wheat near winter 
wheat. All of these cases occur at times in the wheat country which 
we are considering. The essential conditions in each of these cases 
are, first, the presence of infested stubble, plowed or unplowed, to 
furnish the early adults; second, a growth of winter or volunteer 
wheat early in the spring to receive the eggs of the first generation; 
third, a crop of winter or, preferably, spring wheat to receive the eggs 
of the second brood. The remedy lies in avoiding these conditions 
by rotation of crops, clean early summer fallowing, and the aban- 
donment of spring-wheat culture. Fall plowing of the stubble does 
not prevent the insects from coming out and attacking iets in the 
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spring. Burning the stubble is impracticable, because the joints 
which contain the larve remain sappy during the fall and will not 
burn. Rotation, to be effective, must be planned with reference to 
_ the work of the insect, since two adjoining fields which are in wheat 
in alternate years have between them a strip 2 rods wide which always 
furnishes ideal conditions for its spread. The stubble in one field 
always furnishes insects to attack the growing wheat in the other, 
and while the damage done by the wingless first generation is limited 
to the 1-rod strip next the fence, the winged second generation 
spreads at will through the field. 

There is no reason why an insect, so readily held in check merely 
by careful farm methods, should cause constant loss and an occasional 
menace to the wheat country of the Northwest, but there isno doubt 
that it does so. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
Wasuineton, D. C., April 10, 1909. 
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OF THE 
IRCULAR NO. 107. URIVERSITY of ILLINGQHS, Issued January 12, 1909. 


United States Department of Agriculture, 
BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


WHAT CAN BE DONE IN DESTROYING THE COTTON BOLL 
WEEVIL DURING THE WINTER. 


By W. D. HUNTER, 
In Charge of Southern Field Crop Insect and Tick Investigations. 


IMPORTANCE OF WINTER WORK. 


The boll weevil attracts greatest attention during the growing season 
of cotton, for the simple reason that its damage is then most evident. 
When the infested squares are falling by millions every day the planter 

is driven to most strenuous efforts to check the loss. The summer 
season, however, is the one in which it is most difficult to combat the 
weevil. The pest can be attacked in various ways at different seasons 
of the year. This circular attempts to point out what can be done in 
the winter when the weevils are in hibernating quarters and when nat- 
ural conditions are assisting the farmer greatly by reducing the number 
that will be able to survive until spring. At this time the farmer can 
undoubtedly accomplish more than by hand-picking weevils and squares 
or any other direct method of control that can be put into operation in 
the summer season. A great advantage that winter work has in many 
cases is that it involves no special outlay and consequently adds nothing 
to the cost of producing cotton. The work can be done during the 
quiet period of the winter and at such times as will not interfere with 
the general work of the plantation. Even on plantations run largely or 
entirely by “wages hands’’ this work would undoubtedly warrant an 
outlay on the part of the planter. As a matter of fact the winter season 
could well be made the most active of the year as far as the destruction 
of the weevil is concerned. 

It is true that the Texas farmers have not paid much attention to 
work against the weevil in the winter, but this does not by any means 
indicate that such work will not be of prime importance to the planters 
in Louisiana and Mississippi. Nature has afforded the Texas farmer 
many advantages over the planter in the eastern part of the cotton belt. 

-As has been pointed out in other publications of the Bureau of Ento- 
mology, the Mississippi Valley planter will be compelled to contend 
against many more weevils each spring than the climatic conditions in 
‘Texas have ever permitted to survive. For instance, in the spring of 
1908 it was determined by Mr. Wilmon Newell, secretary of the State 
crop pest commission of Louisiana, that as many as 6,000 hibernated 
weevils per acre made their appearance in certain cotton fields in Avoy- 
elles Parish, Louisiana. This shows a survival of weevils far beyond 
what has ever been found in Texas. There are many other indications 
of the special seriousness of the weevil problem in the Mississippi Val- 
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ley. All this demonstrates that the planters in regions recently invaded 
by the weevil must resort to every means of control that is known and 
must utilize to the fullest extent such methods as the Texas farmers 
may not have been compelled to practice. | 

The all-important step in the control of the weevil is the destruction 
of millions of individuals and the prevention of the development of 
many more by uprooting and burning the cotton plants in the fall. 
This is a step that indications show clearly is going to be indispensable 
in the Mississippi Valley. In the light of what is now known it would 
be folly for planters to attempt to produce cotton unless they follow 
this practice religiously. If, for any reason, the cotton plants have not 
been removed in the fall, some good can be accomplished by their 
removal later in the season. The proper thing to be done by the . 
planter who desires to reduce weevil damage to the minimum is to 
combine the fall destruction of the plants with such measures, to be 
taken later in the season, as are outlined in this circular. The advice 
now given is not to depend upon winter work altogether for the control 
of the weevil. ‘The winter work is merely a second step, to be taken in 
connection with the destruction of the weevils and the prevention of the 
maturity of the fall broods by uprooting and burning the plants. Where 
that step has not been taken, the work outlined in this circular is the 
main dependence of the planters at this time. | 


WHERE WEEVILS ARE TO BE FOUND DURING THE WINTER. 


The whole question of what, can be done to destroy the weevils in 
the winter depends upon where they are to be found. The Bureau of 
Entomology has taken pains to determine the localities in which the 
weevils secrete themselves during the winter months. Some weevils 
fiy outside of the cotton fields into the timber before frost has killed the 
cotton. Of course, such individuals as fly great distances from the 
cotton fields, or into heavy timber, are entirely beyond the reach of the 
planter. The remainder of the weevils, however—those remaining in 
and about the cotton fields—are more or less at the mercy of the 
planter for several months during the winter. 

In cotton fields and in their immediate vicinity weevils have been 
found hibernating in four principal situations: First, in burrs and un- 
opened bolls on the plants; second, in bolls or portions of bolls that 
have been knocked to the ground; third, under such trash as leaves 
and grass abounding in most cotton fields; fourth, in the cracks in the 
ground caused by drying. 

The numbers of weevils found in the situations just mentioned show 
clearly what opportunities the farmer has for their destruction. On 
January 16, 1907, a field near Wolfe City, Tex., showed from 3638 to 
1,500 live weevils per acre in the burrs still hanging to the plants. 
These were generally in the partly opened locks where weevils had 
matured in the fall, but some were in locks from which all of the cotton 
had been removed. On January 27, 1907, as many as 2,250 weevils 
per acre were found on the ground in a cotton field near Dallas, Tex. 
The number was determined by raking all of the trash carefully from a 
square rod of ground and examining it in the laboratory. On Decem- 
ber 18 living weevils at the rate of 1,056 per acre were found at Dallas. 
On January 16 320 living weevils per acre were found in burrs and 
under leaves and grass in a cotton field at Victoria, Tex. On Novem- 
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ber 15 4 weevils were found in the cracks around the bases of 22 
cotton plants growing near Dallas. This indicates a total number of 
weevils per acre in such situations in this field of 1,090. 

Practically all of the weevils to be found in the situations described 
can be killed by raking, and burning the trash, except those in cracks 
in the ground, and these, in the majority of cases, would probably be 
crushed by winter plowing of the fields. 


PLOWING NOT EFFECTIVE. 


The point may be raised that winter plowing, by burying the weevils 
found in trash on the surface, might have the same effect as burning. 
On the contrary, experiments have shown that weevils can easily make 
their way through several inches of soil. Consequently such work in 
general is as likely to protect as to destroy the weevils. Of course, if 
heavy rains should follow immediately after plowing, it is possible that 
some soils would be so compacted as to prevent the emergence of 
weevils. Nevertheless, this could not happen under usual conditions. 
In the case of weevils in cracks, destruction would not result from 
burial but from crushing. 

What has just been stated should not be taken to mean that winter 
plowing should not be followed. As a matter of fact, the winter work- 
ing of the fields should be practiced, not only on general principles, but 
to assist in procuring an early crop. The present purpose is merely to 
point out how to destroy the boll weevil in the winter. . Regardless of 
its other benefits, winter plowing can not be depended upon to actually 
kill many weevils. 


WEEVILS THAT CAN BE REACHED OUTSIDE OF COTTON FIELDS. 


In addition to those in the cotton fields themselves, many weevils 
can be reached that have found winter quarters along turn-rows, in 
ditches, along fences, and in the trash that is frequently allowed to 
accumulate around seed houses. Fire is again the agent of destruction 
at the command of the farmer. Careful burning of turn-rows and ditches 
and cleaning of fence corners and similar situations will result in the 
death of many weevils that might survive to damage the crop of the 
following season. 

The work of burning and cleaning the plantation should not stop 
with the immediate vicinity of cotton fields. Many weevils fly into 
corn fields, where they find suitable quarters for passing the winter. 
These fields, on a cotton plantation, should be.cleaned during the win- 
ter as thoroughly as the fields where cotton has been growing or is to be 
grown during the next season. It has been found that sorghum fields 


furnish exceptionally favorable opportunities for hibernating weevils. 


The heavy stubble left by this crop catches grass and general débris 
blown about by the wind, which then becomes heavily matted. Here 
many weevils are to be found during the winter. In many cases in 
Texas the earliest appearing weevils and the greatest damage to the 
crop have been shown to be chargeable to neighboring sorghum fields 
which have served as winter guarters for the pest. 

Many weevils undoubtedly find hibernating quarters in trash along 
railroad rights of way as well as along wagon roads. The importance 
of such means furnished the weevil for passing the winter becomes great 
where, as in many cases, the roads or railroads pass through localities 
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where cotton fields adjoin the public property. It should be the duty 
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of railroad and county authorities in such cases to assist the ee as 


far as practicable by removing the shelter for the weevil. 


WEEVILS IN COTTON SEED. 


Cotton seed has frequently been supposed to furnish exceptionally 


favorable winter quarters for the weevil. It has been shown that man 

weevils pass through the gins and are later to be found in the bulk cot- 
ton seed in storage. Up to a certain time in the winter cotton seed is 
very likely to contain live weevils. Many experiments, however, have 
shown that very few are able to survive in this medium until spring. 
This seems to be due principally to the absence of moisture. Repeat- 
edly numbers -of weevils have been placed in cotton seed in the fall. 
Altogether 6,600 weevils have been used in these experiments. They 
were placed under a variety of conditions. Although many have sur 
vived until the middle of winter, only two lived until the first of April. 
’ It is therefore clear that cotton seed itself is not an especially dangerous 
commodity. Although it is true that the earliest weevils frequently 


make their appearance in the vicinity of seed houses, this is to be 


accounted for by the fact that the insects find quarters under the build- 
ing and under the trash that is allowed to accumulate in such situations 
rather than in the cotton seed itself. 


CONCLUSION. 


The climatic and labor conditions surrounding cotton production in ~ 
Louisiana and Mississippi leave no doubt that the planters in those 


States must not overlook any important means of controlling the boll 
weevil. This circular points out one important and inexpensive mean: 
that can be practiced by every planter. It is of special importance ir 
the humid regions recently invaded where fears of disaster are now 
commonly entertained. The Department of Agriculture urges that 
cotton raisers take advantage of the enemy while they have the oppor- 
tunity and by the means herein described greatly increase the chances 
for producing a crop the coming season. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WASHINGTON, D. C., December 19. 1908. 
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TiRCULAR No. 108. ; 
Issued February 11, 1909. 


United States Department of Agriculture, 


| BUREAU OF ENTOMOLOGY. 


L. O. HOWARD, Entomologist and Chief of Bureau. 


i HOUSE FLEAS. 
By L. O. HOWARD. 
Judging from the specimens of fleas sent to the Bureau of Ento- 


mology of recent years with complaints of houses being infested by 
them, the human flea (Pulex irritans L.) is not the species most likely 


ee en ee 


Fig. 1.—Cat and dog fiea (Ctenocephalus canis): a, Egg; b, larva in cocoon; ¢, pupa; d, 
adult; e, mouth-parts of same from side; f, antenna; g, labium from below. b, ¢, d, 
Much enlarged; a, e, f, g, more enlarged. (Author’s illustration, redrawn.) 


to occur in great numbers in dwelling houses in this country, but 
rather the common, cosmopolitan flea of the dog and cat (Cteno- 
cephalus canis Curtis). This holds especially for the eastern 


“Jn the earlier publications of this office, Bulletin 4 and Circular 13, this 
species has been referred to under the name Pulex serraticeps Gerv. 
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United States. Pulex irritans is sometimes found in houses in | 
California, and is the prevailing household flea of Europe. A house © 
may become infested with the cat and dog flea even though no 
domestic animals be kept, for a visitor at a house where such pets _ 
are maintained may be the means of carrying home with him one or 
two female fleas which will stock his own premises. Of course, where 
a pet dog or cat is kept, the source of the infestation is manifest. 

The worst cases of infestation reported to this Bureau have usually 
been those in which houses had been temporarily unoccupied during 
the summer. Such houses during a rainy summer become more or 
less damp, and as a rule the customary sweeping of the floors is inter- 
rupted, thus furnishing the very conditions under which, as we os 
see, fleas most readily propagate. 

The eggs (fig. 1, a) of Ctenocephalus canis are dances among the 
hairs of cats ae dogs, but as they are not attached to the hairs, 
numbers drop off whenever the infested animal moves or hes down. 
From. these eggs hatch the larve (fig. 2, a), which are slender, 
minute, white, wormlke creatures. They are very active, crawl rapidly, 
penetrate into the cracks of the floor, and live there until full grown, 
feeding upon such organic matter as may have collected in the 
cracks. They develop rapidly, and in midsummer in Washington 
reach full growth in a short time. On reaching full growth the 
larva spins a delicate, white, silken cocoon (fig. 1, 6), and transforms 
to pupa (fig. 1, ¢), the adults (fig. 1, d) issuing a few days later. 
A whole generation may develop in the course of a fortnight in warm, 
damp weather, but a great excess of moisture results in the destruc- 
tion of the larve. With this rapid development under the most 
favorable conditions, a housekeeper, shutting up her house in June, 
for example, with a colony of fleas too small to be noticed inside the 
house, should not be surprised to find the establishment overrun with 
fleas when she opens it again in September or October. 


REMEDIES. 


If you do not desire to be troubled by fleas, do not keep cats or dogs. 
If you must keep a pet dog or cat, provide a rug for the animal to 
sleep on, and give this rug a frequent shaking and brushing, after- 
wards sweeping up and burning the dust thus removed. As all the 
flea eggs on an infested animal will not, however, drop off in this way, 
and as those which remain on it will Tropeee develop successfully, 
it will be found wise to occasionally rub into the hair of the dog or 
cat a quantity of pyrethrum powder. If thoroughly applied, this 
powder will cause the fleas to fall off in a half stupefied condition, 
when they, too, may be swept up and burned. 

The larvee of the dog and cat flea will not develop successfully in 
situations where they are likely to be disturbed. The use of carpets 
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and straw mattings, in the writer’s opinion, favors their development, 
since the young larve can penetrate the interstices of either sort of 
floor-covering and find an abiding place in some crack where they are 
not likely to be disturbed. It is comparatively easy to destroy the 
insect in its early stages (when it is noticed), but the adult fleas are 
so active and so hardy that they successfully resist any but the most 
strenuous measures. Even the persistent use of California buhach 
and other pyrethrum powders was ineffectual in one case of extreme 
infestation, as was also, and more remarkably, a free sprinkling of 
floor mattings with benzine. In this instance it was finally necessary 
to take up the floor-coverings and wash the floors down with hot 
soapsuds in order to secure relief from the flea plague. In another 
case, however, a single liberal application of buhach was perfectly 
successful, while in a third a single thorough applhcation of benzine 
completely rid an infested house of fleas. 

In bad eases almost nothing will avail without the greatest care in 
keeping the floor and other coverings, as well as crevices, etc., free 
from dust and dirt. The old remedy often mentioned of putting a 
piece of raw meat upon a sheet of sticky fly paper, in the hope that 
the fleas will jump for the meat and be caught by the fly paper, has 
been thoroughly tried by the writer without success. Where there are 
comparatively few fleas in a house or in a given room, the following 
somewhat laborious plan will result in eradication. Place a white 
cloth, like a pillowcase, in the middle of the floor. The fleas, attracted 
by the white color, will jump on the cloth. Then, with a basin of 
water, kneel down and with the wetted forefinger pick up the fleas 
one after another and put them in the water. The writer has known 
several houses in Washington to be rid of rather sparse populations 
of fleas in this manner. 

Mr. KE. M. Ehrhorn, of San Francisco, gives the following remedy, 
which he states he has tested and which his mother used with effect 
in South America. Fill a glass three-fourths with water, on top 
of which pour about an inch of olive oil, then place a night float (a 
little wick inserted in a cardboard disk or in a cork disk) in the 


center of the oil. Place the tumbler in the center of a soup plate 


filled with strong soapsuds. The wick should be lighted at night on 
retiring, or may be used in any dark room. As the soup-plate-soap- 
suds trap is placed on the floor of the room it does not interfere with 
the sleeper, and the fleas which are on the floor are attracted to the 
light. For outbuildings, such as barns, etc., a large milk pan may 
be used, and instead of using olive oil and a glass, a stable lantern 
may be placed in the center of the pan, while instead of soapsuds a 


scum of kerosene may be put on the water in the milk pan. 
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To sum up: Every house where a pet dog or cat is kept may be- 
come seriously infested with fleas if the proper conditions of moisture 
and freedom from disturbance exist. Infestation, however, is not 
likely to occur if the (bare) floors can be frequently and thoroughly 
swept. When an outbreak of fleas comes, however, the easiest remedy 
to apply is a free sprin- 
kling of pyrethrum pow- 
der in the infested rooms. 
This failing, benzine may 
be tried, a thorough spray- 
ing of carpets and floors 
being undertaken, with 
the exercise of due pre- 
caution in seeing that no 
lights or fires are in the 
house at the time of the 
application, or for some 

7 hours afterwards. Final- 
Wie. 2.—Cat and dog flea (Ctenocephalus canis): a, 4 3 

Larva; b, head of same; c, anal end of same. a, ly, if the plague is not 
Ss Much enlarged ; b, ec, more enlarged. (Author’s thus abated, all floor COv- 

illustration, redrawn.) 5 

erings must be removed 
and the floors washed with hot soapsuds. This is a useful precaution 
in any house which it is proposed to close for the summer, since even 
a thorough sweeping may leave behind some few flea eggs from which 
an all-pervading swarm may develop before the house is reopened. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 


WasuHineton, D. C., December 29, 1908. 
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BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE LEOPARD MOTH. 


(Zeuzera pyrina Fab.)¢@ 


By L. O. Howarp and F. H. CarrrenpDEn. 
INTRODUCTORY. 


‘Deciduous trees of many kinds, grown for shade and for ornament 
in northern New Jersey and eastern New York, are subject to severe 
injury by the larval stage of the European leopard moth (Zeuzera 
pyrina Fab.). Among the shade trees, elms and maples suffer the 
greatest damage, but as this species is a very general feeder it attacks 
practically all descriptions of trees and shrubs with the exception of the 

_ evergreens. In the region mentioned this species is, everything con- 
sidered, the most serious menace to the growth of shade trees, since, 
unlike the majority of lepidopterous insects, the larvee of the leopard 

_moth do not feed upon the fohage, but bore into the branches of the 
plants which they infest and feed upon the living wood. The larve 

- usually begin operations in twigs and small branches and with their 

_ larger growth bore and tunnel into the larger branches and trunks. 

This work has the effect of girdling, the injured portions being blown 

down by heavy wind storms, while in the case of severe attack the 

srowth of the tree is checked, frequently causing its death. Attack is 

not confined solely to shade and ornamental plants, but orchards are 
ften injured. 

DESCRIPTIVE. 


Injury by this species is accomplished solely by the larva, which is 
a fleshy, grublike caterpillar, pale yellowish in color, frequently with 
a pinkish tmge. The head, thorax, and anal plates are brownish- 
black and the surface of the body is very sparsely hairy but covered 


@ Family Cosside. Synonyms: Zeuzera xsculi L., Z. decipiens Kby., etc. 
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with large and prominent tubercles arranged as shown in the 
illustration (fig. 1, c). When fully mature the larva attains a total 
length of about 2 inches. A lateral view of the larva in its burrow 
is shown in figure 1 at c. 

This species derives its name from the spotted appearance of the 
moth, illustrated at figure 1, a, b. There is great diversity in the 
size of the two sexes, the female (a), which is a heavy-bodied moth 
and a very feeble flyer, being much the larger. It will be noticed that 
the smaller male (6) has a more slender body, which permits a more 
ready flight, and is also distinguished from the female by the pos- 
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Fig. 1.—The leopard moth (Zeuzera pyrina): a, Adult female; b, adult male; c, larva; d,empty pupal 
case. Enlarged. (Original.) 


session of broad bipectinate or feathery antenne. The wings are 
semitransparent and white, thickly dotted with blackish spots 
which are more or less distinctly tinged, giving them a dark blue or 
greenish cast. The thorax is marked with six large black spots and 
one small one, the latter being located in the center. The female has 
a wing expanse of upwards of one and a half inches, while that of the 
male is much less. 

An empty pupa-case in its cell in the wood is shown in the illustra- 
tion at d. 
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ORIGINAL HOME AND DISTRIBUTION. 


The leopard moth, like so many other dangerous pests, is a European 
species which has been introduced into the United States in com- 
paratively recent years. Its old world distribution is credited as 
central and southern Europe, southern Sweden, southwestern Africa, 
Algeria, and northern Morocco, and the western portion of Asia Minor. 

This species was introduced into the United States some time 
prior to 1879, in which year, on the authority of Mr. Jacob Doll, a 
living moth was captured in a spider’s web at Hoboken, N. J.2. In 
1884 Dr. E. B. Southwick, then entomologist of the public parks of 
New York City, recognized the destructive work of this species in 
Central Park. In 1887 it was seen at Newark, N. J., but was not 
actually recorded as occurring in this country until the following 
year. In 1890 the junior author observed the moths at electric lights 
at Orange, N. J. 

Fortunately the spread of this insect, particularly in the immediate 
vicinity of New York City, has been very slow, a fact which may be 
attributed to several causes, (1) the slowness of the flight of the 
female, (2) the dominance of sparrows in large cities, causing our 
native birds, such as woodpeckers, to be driven to the country, where 
they destroy the moths, and (3) the bowl-shaped electric-light globes, 
hollow at the top and closed at the bottom, which were formerly in 
general use in our large cities. The males are strongly attracted to 
brilliant lights and many were captured and perished in these globes 
in earlier years. Other cities in New Jersey where this species has 
been troublesome are Elizabeth, Irvington, Montclair, Arlington, 
Asbury Park, Ocean Grove, and New Brunswick. Mr. H. M. Russell 
of this Bureau collected specimens at Bridgeport, Conn., in 1901. 
The species is now an inhabitant also of Staten Island and has spread 
on Long Island well beyond the confines of greater New York. South- 
ward it was reported a pest, in 1901, at Ocean Grove, N. J., and by 
1905 it was recorded by Felt as occurring at Kensico, N. Y., 25 miles 
north of New York City. By 1907 it was captured at New Haven, 
Conn., by Prof. H. W. Foote. It is now stated to be injurious in the 
vicinity of Boston, Mass. 


FOOD PLANTS. 


In its original home the leopard moth is recorded as living on a 
considerable number of common trees, including elm, lime or linden, 
ash, beech, birch, walnut, oak, chestnut, poplar, alder, and, rarely, 
horse-chestnut. Among orchard trees it is reported to do injury to 
pear, apple, and plum. In the United States it attacks all of these 


a Entomological News, March, 1904, p. 110. 6 Insect Life, Vol. VII, p. 138. 
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trees and many others, the list including such important shade trees 
as have been mentioned, as also practically all of the maples, elms, 
and oaks, mountain ash, tulip tree (Liriodendron tuli~fera), aspen, 
the willows, and such shrubs as privet, lilac, and honeysuckle. A 
list of trees which this species has been actually observed to attack 
was compiled in 1894 by Doctor Southwick and includes 77, observed 
in the public parks of New York City alone. A total list of 83 trees 
and shrubs was made at that time.¢ 

It will be seen by the list of food plants already presented that 
the number could be almost indefinitely extended, particularly in 
reservations like Central Park, New York City, and Prospect Park, 
in Brooklyn, where special effort has been made to bring together a 
ereat variety of trees and shrubs. The in- 
sect is, in fact, nearly omnivorous, attack- 
ing, as previously stated, practically all 
forms of woody plants which are of suitable 
size for its purpose, with the exception of 
conifers. 


HABITS AND LIFE HISTORY. 


In Germany the moths are stated to 
make their appearance during July and 
August, while in this country they appear 
as early as May and continue issuing until 
late in September. 

The gravid female, being particularly 
heavy, is unable to fly very far or very 
high. She deposits her oval, salmon-col- 
ored eggs in a large mass or group, when 
not in confinement, and as many as 300 

: | . eggs have been counted in a single mass. 
Fic. 2.—Section of wood showing bur- Maite ise , 
row and girdling effect produced by Lhis is, however, probably not the maxi- 
larva of leopard moth. Reduced. yyum number, since an estimate of as many 
i Mes ill as 1,000 has been made. The eggs are in- 
troduced by the rather hard ovipositor into the soft tissue of young 
growth where the bark is smooth, or are inserted into crevices in the 
rough bark of older trees. 

The larve soon hatch—in about ten days, according to Mr. J. 
V. D. Walker—and penetrate the wood, frequently entering the 
nearest crotch but boring in at other points, and burrow tunnels into 
the heart or pith of twigs and the heartwood of the larger branches 
or trunks. When a larva has grown too large for the branch in which 
it is feeding it crawls out and migrates to a larger one. In a single 


aSee list on page 529, Rep. Ent. N. J. Agr. Exp. Sta. for 1894. This article, by 
Dr. J. B. Smith, covers pages 517-533 and presents a very complete account of the insect. 
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tree 6 inches in diameter Southwick observed as many as six larve, 
any one of which would have been able to destroy the tree if not re- 
moved. Mr. A. Hufnal wrote that in maple trees which this species 
was infesting at Ocean Grove, N. J., there was an average of from 
six to eight borers to a tree and that he had found from ten to fifteen, 
and in one instance as high as thirty-four, in a single tree. By the 
time the larve within have attained full growth infested limbs of a 
certain size are likely to break off, especially during or after a severe 
storm, for the full-grown larva in many cases girdles the branch. 
The manner of girdling is shown at the top of the section of wood 
illustrated in figure 2. In 1893, after every storm in Central Park 
great quantities of limbs were seen, some entirely broken off and 
others still hanging to the trees. 

The larva, when fully mature, transforms to pupa within the 
burrow, the change beginning to occur during the second May after 
the hatching of the eggs, the larva thus requiring nearly two years 
to complete its growth. The pupa, by means of a sharp protuber- 
ance on its head, is enabled to force its way partly out of the burrow, 
after which the skin splits open and the moth emerges. The empty 
pupal skin remains for some time projecting from the orifice. 

The presence of this borer in a branch is manifested by little 
accumulations of chips, matted excrement, or frass, which indicate 
the entrance to the burrows. After a time these orifices are closed 
from within by a silken web, which is doubtless to protect the con- 
tained insect from its natural enemies. Smaller twigs wilt and 
break off and often it is only when the severed twigs or branches 
have been brought down in numbers by high winds that the work 
of the insect is first recognized. Where the larger larve have 
worked just under the bark this splits open the next season, leaving 
an ugly scar as a reminder of its pernicious operations. 


NATURAL CHECKS. 


No specific natural enemies of the leopard moth appear to have 
been recorded in this country, although in Europe E. A. Fitch has 
reared an indeterminate chalcidid of the subfamily Encyrtine.¢ 

In the explanation of the cause of the slow spread of the moth 


_ from cities and large towns to the country, allusion has been made 


to the fact that native birds probably assist in holding this insect 
in check in the suburbs. Actual observations on this head appear 
to be wanting, but there are the best of reasons for believing that 
birds, like the woodpeckers, which naturally look over the bark 
and collect all kinds of borers, prey on this species, while it is believed 


@ Entom. Mo. Mag., Vol. XVIII, p. 116. Perhaps Copidosoma truncatellum Dalm., 
mentioned by Dalla Torre (not Mayr), Catalogus Hymenopterorum, p. 246. 
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that sparrows sometimes destroy the eggs or young larve in such 
places. Smith has expressed the belief that when the insect suc- 
ceeds in getting away from the outskirts of cities its enemies increase 
in number, many insectivorous birds aiding in holding it down. 

During the day the moths must be fed upon by birds and later 
by bats and night-flying birds. The habit of the larve of desert- 
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ing one twig and migrating to a larger one undoubtedly leaves them — 


exposed to the same natural enemies, as this has been observed to — 


happen in the daytime as well as after nightfall. It follows that the 
protection of native birds, especially the woodpeckers and related 
species, will greatly assist in restraining the undue increase of this 


borer. 
METHODS OF CONTROL. 


~The protected and concealed manner of life of this species, as 

shown by the life history, which will apply in the main to other 
borers also, renders it very difficult of treatment by means of insect- 
icides or other direct measures. The most efficacious remedial meas- 
ure consists in cutting off and destroying affected branches and 
in the injection of bisulphid of carbon into the holes or burrows 
where the larve are at work. 

Prumng and cutting back.—Twigs or branches which, by their 
wilting or by the frass which accumulates at the entrance to their 
burrows, indicate the presence of this borer, should be carefully 
searched out, the smaller ones pruned away and the larger ones 
cut back, the amputated portions being promptly burned. After 
windstorms, the affected branches which have fallen to the ground 
and those which remain attached to the tree should be collected and 
burned. Wherever trees show that they are past recovery it is best 
to take them out and promptly destroy them. The word promptly 
is used advisedly, for this insect, as has been shown previously, fre- 
quently migrates from one twig or branch to another. 

Bisulphid of carbon.—In the case of young and rare trees and 
others which show only a few larval burrows in the bark, bisulphid 
of carbon is the best remedy and one which has been in general use 
against the present species in the public parks of New YorkCity. It 
is injected into the openings of the burrows, and the openings are 
afterwards closed with various substances. For this injection a 
mechanic’s long-spouted oil can of small size may be used on large 
trees, but against a related species the writers have made very good 
use of a small glass syringe, such as may be purchased at any drug 
store for ten cents. These glass syringes are most serviceable, be- 
cause the exact amount of bisulphid may be seen when drawn into 


the syringe and because the reagent does not injure the thread pack- 
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ing. Metal syringes may also be used, but it-is more difficult to 
measure the exact amount and the bisulphid acts on the leather 
packing. Rubber syringes can not be used because of rapid corrosion. 
About a teaspoonful of the liquid bisulphid is sufficient for each 
burrow. 

For stopping the holes after injecting the liquid, putty and moist 
clay, advised by some, have not been found so serviceable as grafting 
wax. Coal tar may be substituted for the latter, or the holes may be 


closed by inserting a wooden plug and breaking or sawing it off level 


with the trunk. In any case the stopper should be tight, to exclude 
water from rains, which might tend to produce decomposition of the 
surrounding wood or invite other insects, like black ants and second- 
ary borers, of which there are many species, and injurious fungi. 

Carbon bisulphid should be handled with the usual precautions 
against fire, which means that the operator should not smoke while 
at work. Although a deadly poison, it will not injure ordinary 
trees when applied as described. 

Killing with wires.—It is possible to reach and destroy some larve 
by torcing a copper or other pliable wire into the channels. This is a 
well-known borer remedy. It is impossible, however, by this means 
to kill the insects in all cases, owing to the length or crookedness of 
the burrows. Bisulphid of carbon should then be used. 

Electric hghts.—To what extent electric lights are serviceable as an 
agency in the destruction of the moths of this borer has not been 
definitely determined. Col. Nicholas Pike and Dr. J. B. Smith, 
however, have advised placing shallow pans around electric-light 
poles in and around parks to attract the moths. The pans are par- 
tially filled with water and a few drops of kerosene are poured into 
them. The moths flying against the globes drop into the pans and 
are promptly killed when they come into contact with the oil. In 
this way many males can be destroyed. 

Inspection.—In large parks the destruction wrought by this borer 
annually is an important item, and it will be found a source of profit 
to establish a system of inspection consisting in the employment of 
parkkeepers and boys, and others who may be engaged at lower 


a During the last years of the nineteenth century a long row of beautiful red oaks 
bordering the street between the grounds of the Department of Agriculture and those 
of the Smithsonian Institution were badly infested by the related carpenter worm 
(Prionozystus robime Forst.). Nearly every tree was infested and frequently two or 
three burrows showed near the tops of the trunks. Bisulphid of carbon was applied, 
as described above, and the holes closed with grafting wax. <A year later no insects 
could be found at work, but wherever this remedy had been applied a small scar 
remained. ‘Two years later these had entirely disappeared and the trees looked as if 
they had never been infested. 
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wages, to keep a constant lookout for evidences of borer attack on 
valuable trees. On this head Southwick has reported that in 1893 
he spent two months in fighting this insect alone in the city parks of 
New York, collecting wagon loads of limbs and branches and destroy- 
ing the larve or pupe. 

Maintaining trees vn thrifty condition.—lIf valuable trees are to be 
protected, the insect should not be allowed to breed in useless growth. 
The borers in such trees should be destroyed or the trees promptly 
felled and burned. Care should be exercised in transplanting new 
trees, and fertilizers should be used in order that the trees may be 
always thrifty, the better to withstand attack. This means protect- 
ing them from the attack of aphides, scales, and defoliators, such as 
tussock moths and the fall webworm, and keeping them free from 
disease. 

Finally, in the control of this species promptness and thoroughness 
can not be too strongly emphasized. The bisulphid of carbon 
remedy should always be used where applicable, and the inspection 
system advised should be instituted in all public parks and on city 
streets infested by this pest. Individual owners of valuable trees 
should become acquainted with the pernicious nature of this borer, 
and united action should be secured with neighbors who also suffer 
from the ravages of the pest. 


Note.—After this publication was in type we received information that trees in 
the college yard of Harvard University, Cambridge, Mass., are being severely injured, 
the large elms being the most seriously attacked. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture. 
WasuHineTon, D.C., May 27, 1909. 
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CIRCULAR No. 110. : Issued July 10, 1909. 


United States Department of Agriculture, 


BUREAU OF ENTOMOLOGY, 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE GREEN-STRIPED MAPLE WORM. 


( Anisota rubicunda Fab.) 


By L. O. Howarp and F. H. CaiTrENDEN. 
GENERAL APPEARANCE AND METHOD OF WORK. 


Maple trees grown in the United States for shade or other purpose 
are subject to severe injury from defoliation by caterpillars. In ad- 
dition to the fall webworm® and tussock moth caterpillar’ there is a 
common and troublesome species known as the green-striped maple 
worm (Anisota rubicunda) which affects maples of all kinds, including 
sugar maple, and is especially partial to silver and swamp maples. It 
feeds occasionally also on box-elder and will defoliate oak in the 
absence of its favorite food trees. 

In its active stage this insect is a naked or hairless caterpillar (fig. 1, 
d, e) of large size and somewhat attractive appearance, being pale 
yellowish green, longitudinally striped with dark green. It is armed 
just back of the head, on the second thoracic segment, with a pair of 
long black horns. It has also a number of short, black, spiny projec- 
tions along its sides and at its anal extremity. The anal segments are 
somewhat dilated and rose-colored on the sides. When fully grown, 
it measures nearly two inches in length. 

The parent insect, or moth, is a beautiful creature of a pale yellow 
color shaded with a most delicate pink. The female is well shown in 
the accompanying illustration (a), the dark portions representing the 
pink, and the paler portions the yellow color. In eastern individuals 
the colors differ from those found in the West, the rose tints being 
more intense, while in the western forms the yellow predominates, 
with only a slight tinge of rose. Some western individuals also are 
nearly white. The female has a wing spread of one and three-fourths 
_ to about two inches, and her body is yellow and woolly in appearance. 
Her head is small, retracted into the thorax, and bears short, thread- 
like antenne. The male is smaller than his mate, having plumose or 
feathery antenne, as represented in the figure (¢). 

The egg is about one millimeter in diameter, slightly flattened, and 
pale green, becoming yellowish before the larva hatches. A portion of 


@¥ormerly called Dryocampa rubicunda Fab. 
b Hyphantria cunea Dru. 
¢ TTemerocampa (Orgyia) leucostigma Dru. 
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an egg mass is figured in the illustration at c, and a much-enlarged egg 
with the embryo within at 6. The pupa is very dark brown, nearly 
black, and of the somewhat peculiar form shown at f. It is armed 
with little spines on the margin of the abdominal segments and on 
the thorax, and the anal segment ends in a projection a little forked at 
the tip. 


Fic. 1.—Anisota rubicunda: a, Female moth and antenna of male moth; b, egg. showing embryo 
within; c, portion of egg mass; d, full-grown larva from side; e, same from back; /, pupa. Enlarged. 
(Original. ) 


ORIGIN AND DISTRIBUTION. 


The green-striped maple worm is a native North American species 
and is more abundant in the West than in the Kast, although it enjoys 
a considerable range. It abounds especially in Kansas, Nebraska, . 
Missouri, Illinois, and lowa, occurring also in the Gulf States, occa- 
sionally doing considerable damage in Mississippi. It extends some- 
times in injurious numbers North and East, and has attracted some 
attention by its ravages in West Virginiapthe District of Columbia, 
New Jersey, and in a limited portion of New York State. Instances 
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are on record of its occurrence in great numbers in Dutchess and 
Sullivan counties in New York, but these occurrences were excep- 


tional. 
LIFE HISTORY AND HABITS. 


The moths issue from over-wintering pupe or chrysalides in May or 
June, according to locality, and pair, the females depositing their eggs 
on the under side of the leaves. The number of eggs laid by a single 
female has not been ascertained, but is known to reach at least 150. In 
eicht or ten days the eggs hatch, and the caterpillar emerges and feeds 
and growsapace. After passing through four molts in about a month 
it reaches full growth, when it enters the ground to transform to pupa. 
At the end of two weeks, or a little longer, the pupa, by means of 
the sharp and horny projections which have already been described, 
works its way to the surface of the ground and gives forth the moth. 
Soon afterwards the female, after copulation, lays eggs for a second 
generation. 

In the District of Columbia it has been ascertained that there are 
usually three generations in the course of a year, although in Missouri, 
according to Riley, there are only two. Pupex of the second genera- 
tion in the West and of the third generation in the East over-winter. 
Even as far north as Massachussetts Harris showed the probability 
of two generations annually. 


INSTANCES OF INJURY. 


Many of the earlier writers on economic entomology reported nu- 
merous instances of injury by this species, but of late the insect has 
not received much attention, presumably because of the far greater 
destructiveness of the commoner tussock moth and fall webworm, and 
of the gipsy and brown-tail moths. Possibly this maple worm is 
decreasing in numbers. Some characteristic outbreaks may be men- 
tioned, therefore, as showing its importance some years and to give 
some idea of its method of work. 

In 1887 Mr. H. W. Young, Independence, Kans., wrote that for four 
years the soft maple shade trees of that city had been defoliated twice 
a year by this insect, the trees being greatly weakened. In 1888 Mrs. 
M. T. McCluny, Sedalia, Mo., wrote that these ‘‘ worms” ‘‘ were like 
the locusts of Egypt, and filled the houses” and destroyed the leaves of 
the maple shade trees. In 1889 considerable correspondence was had 
with Mr. J. W. Merchant, Kansas City, Mo., who reported extensive 
defoliation in Kansas City, Kans., and sent several photographs, one 
of which is here reproduced (fig. 2). In cases where adjoining maple 
and elm trees branched into each other the elm trees were never 
touched. During the period from 1888 to 1890, at Lincoln, Nebr., 
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many rows of large maples were entirely defoliated, rendering them 
very unsightly. (See fig. 3.) At about the same time Doctor Riley 
reported similar complete defoliation on the grounds of the State 
agricultural college at Manhattan, Kans., and of the State univer- 
sity at Lawrence, Kans. In 1901 Mr. F. E. Brooks reported great 
damage to the foliage of maple in the vicinity of French Creek, 
W. Va. Since 1905 the species has been abundant in portions of 
Maryland and Virginia, but not noticeably troublesome. 

During 1908 it was devastating forests in and around Fryebure, 
Me. At that time it almost entirely stripped maple and—it was said— 
oak, beech, birch, apple, and other deciduous trees over a very large 
section, but it seems probable that other species were present, as in 
other cases reported to this office.? It was particularly troublesome 
to shade maples in Maine, New Hampshire, and Pennsylvania. 


NATURAL ENEMIES. 


The green-striped maple worm is frequently eaten by domestic 
fowls and by many birds. Of these the robin and yellow- billed 
cuckoo have been recorded by Bruner.’ He reports both of these 
birds as actively engaged in picking up and swallowing the ‘‘ worms” 
as late as September 20, at Lincoln, Nebr. The bluebird, tufted tit- 
mouse, red-headed woodpecker, red-eyed vireo, and crow blackbird 
are also stated by the late Prof. F. H. Snow to eat the ‘‘ worms.” 
while the moths also are sometimes destroyed by birds. To the above 
list Prof. F. E. L. Beal, of the Bureau of Biological Survey, adds the 
black-billed cuckoo and the great-crested flycatcher as enemies of this 
insect. 

This species is parasitized by a common ichneumon fly, Limnerium 
Sugitivum Say, a rather general parasite of lepidopterous Jarve. Two 
tachina flies have been reared from it, Hrontina frenchiz Will., from 
Washington, D. C., and vicinity, and Belvosia bifasciata Fab., from 
northern Missouri. Among the old Riley notes is a record of the 
rearing of an egg parasite, but the species has not been determined. 

At one time the electric lights in some of the large cities men- 
tioned were the means of attracting and destroying large numbers of 
the moths, and both moths and caterpillars were destroyed in large 
numbers by passers-by, who trampled on them. 

Asa rule little is to be expected from tachina flies as a means of 
controlling insect pests, and the ichneumon mentioned, being a gen- 
eral parasite, is not an efficient destroyer of this particular species. In 


aThe other species concerned in damage were J//eterocampa guttivitta Walk. and 
Hi, bilineata Pack., principally to forest trees, although during the year they injured 
maple groves and attacked sugar maple and a considerable variety of the forest trees 
in New England. 

b Lawrence Bruner, 1890, Bull. 14 Nebr. Agr. Exp. Sta., pp. 54-59. 
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other words, we can not rely for assistance upon any of the natural ene- 
mies except birds. These should be encouraged in every possible way, 
and warfare should be waged against the English sparrow, which does 
not feed on this caterpillar, save perhaps occasionally in nesting time, 
and is a great pest in itself, especially as it drives other and useful 
birds from cities and towns. 

REMEDIES. 


Arsenicals.—Spraying with an arsenical mixture, if accomplished 
when the caterpillars are young, is the most effective means of con- 
trolling this insect, but a spraying is not easily applied when a large 
grove of maples is infested. Either Paris green or arsenate of lead 
may be used and applied in accordance with the directions furnished 
for other shade-tree defoliators, as described in detail in Farmers’ 
Bulletin No. 99. This publication should be in the hands of all per- 
sons suffering from the ravages of shade-tree insects, and that portion 
relating to general instructions in the last chapter should be read.¢ 
Paris green may be applied on maple trees as strong as 1 pound to 50 
gallons of water, but half that strength, or one-half pound to 50 gallons 
of water, will probably suffice in most cases. Arsenate of lead may 
be safely used at as high a rate as from 2 to 4 pounds of the poison to 
50 gallons of water. 

Trenching.—lf an arsenical spray has not been used while the larve 
are young, large numbers of the pests may be trapped and easily 
destroyed by digging a trench either around individual trees or around 
groves or belts of trees. The trench should be at least a foot deep, 
with the outer walls sloping under. The larve usually wander away 
from the trees before entering the earth, and will be caught in the 
trench in great numbers or will bury themselves in the ground in the 
bottom of the trench, where they can be killed. This remedy was 
given a practical and thoroughly satisfactory test many years ago 
by Doctor Riley, and has been recommended to our correspondents 
generally. 

Hand picking.—When the public once becomes well acquainted 
with this insect in all of its stages, from the egg to the moth, large 
numbers of the eggs and the moths can be killed by hand on their 
appearance in May or June, and individual choice trees may in a 
measure be protected in this manner. 


Approved: 
JAMES WILSON, 
Secretary of Agriculture, 


Wasuineton, D. C., May 26, 1909. 


a¥Farmers’ Bulletin No. 99 is furnished gratis on application to the Department of 
Agriculture. 


[Cir. 110 


O 


ey 


z y 

Ra) 
Rant 
kat 


1) aif 


WOR eh ys) 


Yi rg 


Wi 
3 0112 112405292 


